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EXECUTIVE SUMMARY

Introduction

This research report describes the structure and func-

tioning of the U.S. Army's training and classification system

for enlisted personnel. The report is cast within the

context of an all volunteer force characterized by large

numbers of poorly educated accessions who are required to

operate and maintain weapons and equipment of ever increasing

complexity. The central issue is an analysis of the

theoretical and methodological tools available to the train-

ing developers to individualize instruction so as to capi-

talize on individual soldier aptitudes for learning. The

report identifies promising individual aptitude constructs

and teaching strategies appropriate for these aptitudes

and suggests a research methodology for service use.

Background

The advent of the all-volunteer Army has coincided with

declining standards in civilian education and rising sophis-

tication of military hardware to produce a severe personnel-

equipment performance gap that the present Army training

system is ill-prepared to close. The Congress, the Govern-

ment Accounting office, the Department of Defense, and numerous

independent research organizations have focused their atten-

tion in recent years on the costs and effectiveness of Army

training programs. The resulting pressure has caused the
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Army to make reductions in the time and money devoted to

enlisted training at the very time vast sums are being

- Ispent to procure and deploy more complex systems. The result

is that few of the Army's most modern and important systems

are being operated to design capability. In effect, inade-

quately educated and trained soldiers are making it extremely

difficult and costly for the Army to take full advantage

of this technology. in effect the Army is in danger of buying

less battlefield capability for more money. The Army recog-

nizes this, and is working to reduce costs while simplifying

equipment operating and maintenance designs. However, real-

istic and challenging training will continue to be necessary

to ensure that individuals and units are prepared for the

demands of combat. To that end, the Army's Training and

Doctrine Command (TRADOC) has initiated a Training Effectivr-

ness Analysis (TEA) program under the management of the

TRADOC Systems Analysis Activity (TRASANA), to develop

training programs and personnel classification procedures

with the same degree of scientific rigor as is used to

develop the weapon systems.

Purpose

The purpose of this research is to develop strategies

to apply educational technology in the development of instruc-

tional techniques and methods to capitalize on individual

soldier aptitudes. The report develops empirically derived
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training models to allow training effectiveness analysts

to use the complex variables that are present when trainers,

trainees, critical tasks, materials, and training objectives

come together as an instructional event.

Scope

The scope of the research includes the broad outlines

of the Army's training and personnel classification system

against a background of what is known about individual

differences in learning. The research centers around the

development of individual soldier profiles by investigating

promising aptitude and motivation constructs and the rela-

tion of these constructs to task specific learning strategies

designed to: (1) capitalize on individual aptitude strengths;

(2) compensate for lack of aptitude or; (3) remedy educational

deficiencies.

Current views of cognitive processes are examined as

they relate to individual differences in learning. A coor-

dinated approach to the study of aptitudes as information

processing constructs is correlated with instructional

development strategies. Recommendations are provided as

to those aptitude variables that might be included in train-

ing effectiveness analyses on developing and fielded weapon

systems and equipments and what steps can be followed to

use such data for instructional purposes. Statistical

analysis techniques appropriate for Aptitude-Treatment
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Interaction research are discussed in general

terms.

Aptitude-Treatment Interaction

One approach to the analysis of Instructional processes

as they related to individuals is founded on the investiga-

tion of learner characteristics and educational treatments.

Aptitude-Treatment Interactions (ATI) entail much more

than the differences in outcome of two alternative instruc-

tional treatments. Rather, ATI is oriented on the principle

that learning is the result of neither individual differences

nor specific instruction but rather the result of the inter-

action of the two to produce learning. Thus, if we tailor

instruction to students of high aptitude for the task being

taught, students of low aptitude do worse than if we were to

teach them by methods for which they do have an aptitude. In

other words, instructional techniques that may be well suited

for one solider may be ill suited for others and may actually

serve to degrade their learring.

The initial1 task for researchers is t~o develop a con-

ceptual framework to describe individual learning traits

Although the research literature does not now present a

firm consensus as to the utility of these individual learner

traits, it is rich in the formulation of testable treatments,

and does identify certain combinations of aptitudes that

show promise for predicting individual learner performance
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as a result of specific instructional treatments. These apti-

tude variables include: (1) General mental abilities measured

by standard tests on word knowledge, arithmetic and numerical

skills, specific spatial abilities and past academic achieve-

ment scores; (2) cognitive styles (patterns of information

processing) such as conceptual level and field-dependence

are measured by tests desig ed to quantify a person's ability

to conceptualize and to analyze complex situations. Conceptual

level is usually measured by essay and sentence completion

tests, while field-dependence is determined by results of the

embedded figures test in which people must detect simple geo-

metrical figures contained within more complex figures. Varia-

tions include tests in which the subject is required to locate

a true vertical position within a complex, separately tilted

environment. Subjects who can locate a true vertical are

said to be "field-independent". Those who cannot are said

to be "field-dependent". Lastly, (3) aptitude variable

composites are dependent on personality constructs derived

from motivation characteristics such as need for achieve-

ment, and anxiety traits, both of which can either positive-

ly motivate, or interfere with learning performance depend-

ing on the type task and the instructional strategy (treat-

ment) being used.

A Summary of the Literature

While no interactions are so well confirmed that they

can be used as guides to instructional developers without
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a great deal of additional research, a pattern has emerged

suggesting that those aptitude constructs discussed above

can be employed to tailor instruction by thinking explicitly

about what is to be taught and to whom. The following

general rules seem to apply:

0 Measures of high general ability combined with

field-independent cognitive style, high achievement thru

independence, and low anxiety identity, individuals who tend

to learn more rapidly, and to retain it longer if they

are exposed to a learning strategy emphasizing self-directed

instruction. Persons with this aptitude construct should

be allowed to organize and manipulate concepts as opposed

to learning task specific rules. These students are thought

to perform better under conditions of intrinsic motivation,

without performance feedbackas they need little externally

provided structure.

9 Individuals of low general ability, who seek

achievement through conformity to rules, who are field-

dependent and relatively high in anxiety are thought to

perform best under conditions in which the instruction is

broken into small steps and is highly structured with exten-

sive practice and feedback. These learners are dependent

ti troi'ipt, oi aut~horitiy initiated structure and peer opin-

ion and appear liable to become disciplinary problems if

the instructional strategy is unstructured and includes

self-directed study components.
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various combinations of aptitude, i.e. average

mental ability, low or no desire for achievement, an average

level of anxiety, can be found to be combined in individuals

with either field-dependence, independence or high/low con-

ceptual level. Each of these combinations constitutes a

distinct aptitude construct which should be treated accord-

ing to the specific task to be mastered. Treatment vari-

ables include emphasis on spatial presentations, visually

dense presentations (sequenced from the simple to the com-

plex) and the need for practice sessions following visual

presentations.

The overall conclusion is that subjects should be

clustered by aptitude construct and the instructional

strategy employed should be specifically tailored to the

task and the learner aptitudes. Concepts of AIT can, with

additional research to more precisely focus and align apti-

tude with task and instructional strategy, improve the

to rminA I p'rforminvo and nk Ill rrot-it ion or r'very Rt~dott

A Research Methodology

Because additional research is necessary and because

the Army is using the development of soldier learning styles

within the overall concept of TEA, this research report con-

centrated on the emerging research methodology as it should

logically be applied to the Army's needs. A research meth-

odology that appears to have promise is one which takes the

vii
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aptitude constructs of general mental abilities, personality

variables and cognitive style, adds a dimension of physical

ability and the appropriate techniques of statistical analy-

sis, and places them within an information processing model.

The components of this model include the coordination of

learning and abilities into a hierarchial arrangement

wherein learning is conceived of as a process of cognition,

production of data and evaluation of that data leading to

a behavior. This process may be hierarchially arranged

so that simple tasks are viewed as being mastered by less

complex abilities and more complex tasks dealing with con-

cept formation, principles, transformations and problem

solving are viewed as being mastered by higbly complex cogni-

tive functions largely related to measures of general mental

ability. Figure 7 in Chapter V, p.?1 presents this hier-

archy schematically.

The aptitude and learning hierarchy is best viewed

from the perspective of a stimulus-response-response pat-

tern wherein the researcher seeks to measure and identify

the process occurring within an individual during learning.

This may be accomplished through use of an information

processing model which makes useable distinctions between

short term memory (STM), intermediate term memory (ITM),

and long term memory (STM) and assumed subroutines to detect,
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analyze, and evaluate incoming data in order to recognize

patterns of indivudal differences in information processing

that are thought to be at the heart of observable differ-

ences in learning. Chapter V presents a complex analysis

of these information processing variables and outlines a

research model by which these differences can be related to

the three instructional strategies (the preferential com-

pensatory and remedial strategies introduced above).

A synthesis of these concepts is presented which allows

the researcher to correlate the relationship between the

aptitude constructs and the instructional treatments.

The requirement to establish the validity of these con-

structs is acknowledged and an implementing strategy appro-

priate for use within the TEA process is provided.

An Implementing Strategy

A four phase approach to ATI testing is recommended.

0 Phase I - consists of use of the Interservice

Instructional Systems Development (ISD) model and the

Armed Services Vocational Aptitude Battery to identify the

tasks to be trained and the target population aptitude clus-

ters. The development of initial instructional treatments

and development of the combined S-R-R/information processing

analysis models is also accomplished during Phase 1.

* Phase II - this phase is devoted to refine-

ment of the instructional strategies to better align them
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with the aptitude clusters within target population.

This will probably include refinement/development of needed

aptitude tests for cognitive style, personality variables

and special measures of general intelligence that are likely

to be highly task specific, such as measures of perceptual

speed, memory span, closure speed, and visual memory.

s Phase III- is the actual conduct of the re-

search characterized by data collection using the combined

S-R-R/information processing model and multiple regression

analysis techniques to avoid masking the effects of indi-

vidual differences which may occur if analysis of the vari-

ance tehcniques are used.

* Phase IV - is devoted to the refinement of

data analysis and feedback into the instructional/aptitude

development programs necessary to both improve individual

instruction and to support improvement of the research

methodology of TEA.

Conclusions

1. Conclusion. Individual differences in learning

exist and become important upon situational demand. In-

structional strategies should be developed to exploit in-

dividual differences to ensure the best training for each

soldier within the reduced training resources available.

x
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Recommendation. That TRASANA's TEA program be

implemented as planned with TRASANA being the overall manager

of ATI research as well as of the TEA program. Investiga-

tions should be integrated with ongoing instructional pro-

grams and should be started at SL2 task complexity.

2. Conclusion. Great strides have been made in

Aptitude-Research Interaction research but much more needs

to be accomplished before the results can be used by instruc-

tional developers in the field.

Recommendation. ATI research being conducted by

TRASANA should be supplemented by the Army Research Insti-

tute (ARI) to develop and refine:

0 Measures of general mental ability to include

measures of perceptual speed, memory span, closure speed,

and visual memory.

* Measures of personality variables with empha-

sis on measures of achievement motivation and trait anxiety.

Basic research into the effects on learning of other per-

sonality variables such as self-confidence, need for affil-

iation, power, social approval and degree of dogmatism

should be carried on separately from the basic TEA research

program.

0 Measures of cognitive style to include field-

dependence and conceptual level.
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3. Conclusion. The Army is correct in its assess-

ment of the training problem as reflected in the Army

training system and the evolving TEA system. However, the

field of AT! research is incredibly complicated and dependent

on successful long range research.

Recommendation. That the ATI aspects of TEA

remain a research concept until developed to the degree

that ATI results can be used by the instructional developer

without disruption of ongoing Army training activities.

This will take patience, money, people, and time. These

resources should be provided as necessary and the specific,

detailed procedures of tailoring instructional strategies

to individuals should be implemented within the parameters

of present ISD model when perfected.

xii
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PREFACE

This research was initiated at the suggestion of the

Chief, Training Effectiveness Analysis (TEA) Division,

U.S. Army Training and Doctrine Command (TRADOC), Systems

Analysis Activity (TRASANA), White Sands Missile Range,

New Mexico. The Center for Advanced Research of the Naval

War College agreed to sponsor the research as being applica-

ble to military training in general.

Many of the sources listed in the bibliography are of

recent origin, authored by a select few innovative psy-

chologists who are just now expanding the known limits of

the role of human aptitude in learning and performance.

This is a literature of specialists who do not always agree

simply because they are employing imprecise research tools

to study an incredibly complex subject. The reader should

be aware that this paper does not represent the views of

any one body of opinion. Rather extensive use has been made

of the work of a few authors who have focused their research

on developing a cohesive theory out of many conflicting,

often confusing, studies. While the theory is not yet com-

plete--much research is necessary to develop a useable body

of principles and rules--a method for the conduct of research

has been developed that can serve to point us in the right

direction. Extensive use of this methodology has been made

xiii
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in this paper in order to synthesize advances in individual

differences in learning with the evolving Army training

system.
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IMPROVING "OLDIER TRAINING:

AN APTITUDE-TREATMENT INTERACTION APPROACH

CHAPTER I

INTRODUCTION

The Problem

A military educational conference was held at College

Park, Maryland, in April of 1979 to discuss the problem of

declining literacy in the United States. Dr. James Flood,

Assistant Professor in Boston University's department of

reading and language, told the conference that 30% of high

school seniors are not able to read their textbooks or news

magazines. Eighteen percent of American adults lack basic

literacy skills to the point where they cannot even fill

out basic forms. Dr. Food emphasized that "certain" mili-

tary personnel cannot even read field and technical manuals.

This is not surprising. A 1975 U.S. office of Education

study found 42% of adult Americans to be poor readers or to

be barely able to read well enough to cope with the problems

of everyday living.

An example of how this decline in basic reading

ability within the general population impacts on the Army

is to be found in a recent study of reading abilities in

the infantry conducted by the U.S. Army Infantry School

(USAIS). The Infantry School became involved in the reading
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problem when it was found that an inordinate number of

enlisted men were failing the written portion of the infan-

try Skill Qualification Tests (SQT). One of the suggested

causes of this failure was that infantrymen could not read

well enough to comprehend written tests. Evaluation of

the reading level of the SQT and supporting field manuals,

indicated that the SQT were written at approximately the 10th V

grade level and the field manuals were written at about the

12th grade level.
1

The Infantry School surveyed 189 junior officers and

1525 enlisted men selected so as to be representative of

the infantry population, to measure reading levels. The

StwIVOy used ostabl i hd readinq tsta to doturm i no vochau-

lary, comprehension, and accuracy. Test results were corre-

lated with rank, race, education, and scores on the Armed

Forces Qualification Test (AFQT) (the AFQT measures an appli-

cant's word knowledge, arithmetic reasoning, and spatial

abilities). Results of this testing revealed that almost

100% of the officers read above the 12th grade level. How-

ever, a large percentage (56%) of the enlisted men in the

grade El thru E3 read at the 5th grade or lower. A smaller

percentage (about 15%) read at the 12th grade or higher,

while the remainder of the enlisted sample, about 32%

spread across seven enlisted ranks, read between grades 5

thru I... Significantly, of approximately 1000 high school

graduates between 300 and 400 read at between the 2nd and

2
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4th grade levels. 2 Equally serious was the finding that

good scores on the Armed Forces Qualification Test (AFQT)

did not reliably predict reading ability. A large group

(N=300) with relatively high AFQT scores read at less than

the 5th grade level.3  '

In summary, the USAIS study tends to support Dr.

Flood's gloomy picture of a school system that often fails

to develop student literacy, and that certain soldiers can-

not now read their training and maintenance literature.

Virtually all infantry publications have been written for

soldiers who could read at the high school level, while the

majority of enlisted men in the infantry read at a level

well below high school. This situation is particularly

worrisome because, as will be seen, the Army's training

system is heavily dependent on use of written texts by

enlisted men.

Data from the Army's Recruiting Command indicates that

during CY 1978, 86.9% of the applicants accepted for enlist-

ment were placed in the lower two of four mental categories

(CAT III and IV) on the basis of AFQT tests.*

In a recent survey at the Army's Armor School the dis-

tribution of 436 recruits across mental categories was:

CAT I - 3.1%

CAT II - 13.4%

*See Chapter II for a discussion of the Armed Services
Vocational Aptitude Battery (ASVAB) and personnel selection
criteria.

3
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CAT 111 75.1%

CAT IV -8.3%

This high percentage of lower mental category people included

66% high school graduates. These findings are consistent

with the infantry school study and appear to be representa-

tive of the educational quality of people joining the force.

Keei.4ng in mind that these mental categories are based largely

on word knowledge and arithmetic abilities, the impact

of the situation described by Dr. Flood on the military is

clear. It is already difficult and costly to train soldiers

on the complex equipment of today and so it may be even

more difficult to train them on the increasingly complex

equipment entering the inventory in the 1980s.

The problem of declining literacy has already impacted

on the military in numerous ways. Millions are being spent

to develop illustrated technical manuals to assist soildiers

with reading deficiencies; remedial training is being

given potential enlistees by the Department of Health, Edu-

cation and Welfare's Office of Education to enable those

who fail the AFQT to qualify for enlistment; and the Army's

Basic Skills Education Programs are designed to upgrade the

literacy and computational skills of Army personnel found

deficient.

The magnitude of the problem is such, however, that the

services may be unable to adequittely man the equipment

4
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needed to defeat the powerful and growing threat posed by

the sophisticated forces of the Warsaw Pact.

Concerned about this large and probably growing gap

between personnel performance capabilities and operational

requirements, the Commander of the Training and Doctrine

Command (TRADOC) obtained Chief of Staff of the Army approval

in late 1977 to initiate a comprehensive study of Army

training programs required to optimize the capabilities of

major new weapon systems programmed for delivery to the

force in the 1980s. The resultant Army Training Study (ARTS)

report was presented in August 1978. While it is beyond the

scope of this paper to review the data, conclusions, and

recommendations of the ARTS report, it is appropriate to

note that the study group concluded that training now

being conducted in Army units was not achieving the estab-

lished standard of individual and collective proficiency.

In effect, soldiers were not trained sufficiently well to

enable them to consistently operate their weapons and equip-

ment to the level of capability for which they were designed.

Further, evidence was found that inadequate training con-

tributes substantially to morale, discipline, and retention

problems.
5

Given the declining quality of the available manpower

pool it is clear that the Army's ability to take advantage

5
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of developing technology is limited. These conditions sug-

gest that advances in educational technology must be exploited

apace with the hard sciences. To do otherwise is to risk

the possibility that the Army will be denied the skilled I
manpower required for the battlefield of the future.

The Purpose

The purpose of this research is to determine strategies

to apply educational technology in the development of instruc-

tional techniques and methods to capitalize on individual

soldier aptitudes. The fundamental premise of this research

is the notion that all of what may be best for PVT Jones

may not be best for everyone else in PVT Jones' unit. What

is needed are empirically derived training models, which

will allow commanders to use the complex variables present

when trainers, trainees, critical tasks, materials, and

training objectives come together as an instructional event.

While this research emphasizes the soldier component of the

training problem, much of what is presented can and must be

applied to the trainer as well.

Organi zation

This paper will investigate what is known about dif-

ferences in individual learning against a background of the

current Army training system and the Training Effectiveness

6



Analysis (TEA) Methodology being developed by the Army to

improve training. The objective of this approach is to syn-

thesize the proposed TEA methodology (and thus the Army

training system) with the applicable research in order to

develop a guide to future research. The paper addresses

the following areas:

* An introduction to individual differences in

learning within the context of modern psychological concepts

of aptitudes, instructional treatments, and the interaction

between aptitude and treatment. This interaction is referred

to as an Aptitude-Treatment interaction (ATI).

* An appropriate military perspective as regards

ATI.

0 A review of the literature to include:

- testing hypotheses and statistical analysis

- effects of general abilities

- effects of specialized abilities

- effects of individual personality traits

- instructional strategy development

* A research methodology that provides an initial

framework for the identification of aptitude and treatment

constructs.

0 An implementing strategy.
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Current Army Training System

The Solution. The reader should note that the Army

has not been unaware of these trends and in fact has formu-

lated concepts and programs to solve the problem. The

existence of the TRADOC, which provides centralized control

of the Army's school system and doctrinal development, under

the command of a four star general, is evidence of the

priority given training. TRADOC has been both aggressive

and innovative in promoting change and in implementing

modern educational developments. At the heart of the Army's

solution to the problem is the school system which is organ-

ized by function/branch. Each branch school (Infantry,

Armor, Ordnance, etc.) is responsible for developing branch-

unique programs of instructicn and the necessary field and

technical manuals for its community. All TRADOC branch

schools use the Interservice procedures for Instructional

System Design Model (ISD), (TRADOC PAM 350-30) incorporating

five phases (analysis, development, design, implementation,

and control) in the development of training programs. They

also use criterion referenced instruction (CRI) by which

satisfactory job performance is identified and measured.

Tasks, conditions, and standards are developed for each job

as the basis for development of resident and non-resident

programs of instruction. Training assistance to units in

the field is provided by development of exportable training

8

-. ,. * * A



packages for individual Military Occupational Specialties

(MOS) and collective training tasks for units. This assis-

tance takes the form of instructional texts and:

0 Soldiers's Manuals (SM) which contain a list-

ing of the critical tasks the soldier is expected to perform

and the cues, conditions and standards for each task.

0 Commander's Manuals (CM) which provide a list-

ing of critical tasks for each MOS. This manual informs

commanders what each soldier is responsible for knowing,

who is responsible for training the soldier to criterion

for each task and the references required.

0 Skill Qualification Tests (SQT) which are

designed to verify enlisted proficiency and eligibility for

promotion on a periodic basis. Each SQT has three components;

written tests, hands-on performance tests, and a certification

component.

0 Army Training and Evaluation Programs (ARTEP)

are used to establish the tasks, conditions, and standards

of performance for each company and battalion sized unit.

ARTEP include common tasks such as chemical defense and

first aid as well as branch unique missions.

0 Combined arms tactical doctrine, i.e.,

combined infantry, armor, and artillery employment, is the

responsibility of the Combined Arms Center (CAC) at Ft.

Leavenworth, Kansas. CAC develops tactical doctrine for the

9
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brigade, divisions, and corps, and operates the Command and

General Staff College which trains officers from all

branches.

* The TRADOC school system is supported by a

scientific community consisting of combat development cen-

ters, operational test agencies and systems analysis organ-

izations.

0 Unit training is decentralized so that the

battalion commander has the primary responsibility for the

individual and collective training of his unit. The commandei

uses the SM, CM,ARTEP and unit-unique maintenance and

mission training requirements to formulate quarterly train-

ing programs as the basis for his weekly training schedule.

Standards are maintained by hiqher headquarters throuqh

use of SQT tovaluations of each individual f~' t ath MOS and

by periodic ARTEP exercises in the field, as well as by

periodic maintenance , administration and weapon qualification

evaluations of each unit.

Training Effectiveness Analysis

In support of this sytem, TRADOC has instituted a

Training Effectiveness Analysis (TEA) program. This program

is fundamental to sound combat and training developments as it

serves to not only develop training programs apace with

equipment and weapons, but it also provides data to enable

the Army to determine if performance shortfalls are caused

by training or equipment design error.

10
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TEA are conducted during the equipment acquisition

process to ensure that a training subsystem is developed

with the same degree of scientific rigor as is the hardware

subsystem. Central to this is an analysis of all feasible

training subsystem alternatives to reduce training problems

to a minimum. By definition, this entails testing to eval-

uate whether or not available manpower can be trained on

equipment designs and if so, to determine the most cost

effective way to do so. TEA are also conducted after a

system had been fielded in order to verify the degree to

which actual effectiveness matches design or to determine

if a significant performance gap exists. Figure 1 depicts

the role of TEA within the overall training and support

system. 6

TRADOC has established the objectives of the TEA system

to be the use of interdisciplinary approaches in order to

develop methods and techniques which: (not inclusive):

0 best align equipment design (human engineering)

and the training subsystem with the soldiers abilities.

0 enhance the effectiveness of the training sub-

system development process.

* establish equipment/weapons development and

training development interface early in and throughout the

acquisition cycle.

0 increase assurance that ana'.sis, design, and

development phases of ISD are accomplished in a timely

manner prior to fielding the equipment.

11



FIGURE 1

TEA SYSTEM FLOW CHART

TRAINING HADAE LOGISTICS pERCNE
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THE TOT/rAL SYSTEM4
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SUBSYSTEM SUBSYSTEM SUBSYSTEM SUBSTE

MNTR E- YES YES YES

A DED I .-

SYSS

'YES NO NO NO

PQEA= Actual Effectiveness
(Soldier capability)

I F ED= Design Effectiveness
TD (Equipmvent capability)

YES AISTEA= Initial Screening TES
I, TSFA-= Training subsystem TEA
F] TSE= Total System Evaluation

TDS= Training Development Study

NO
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* provide training related baseline data about

generically similar fielded systems for inclusion in con-

sideration of developing systems.

The ThA analyst is primarily interested in the deter-

mination as to whether a causal relationship exists between

demonstrated soldier proficiency and attitudes and the

training he has received. If a significant performance gap

is found to be caused all, or in part, by the training sub-

system, the TEA team must:

. examine the traininq subsystem in detail to

relate tht, e IatdiIr, trainer, training ,nvirotimnt , trninin ,

subsystem and hardware subsystem factors/varjables, to obtniin

precise definitions of training problem areas.

0 identify, by excursion, related personnel and

logistic support subsystems that cause gaps which may exist.

The Training Effectiveness Analysis (TEA) then looks at the

training subsystem as complete packages put together by

training developers using Phases I-III (analyze, design,

develop) of the ISD model. These packages contain all

media, materials, materiels, combinations and sequences

needed by the trainer to implement phase IV of ISD, which is

to conduct effective training.

The problem is that no one knows how to do all this

consistently well. TRADOC has had no established TEA man-

agement system and past efforts have suffered from incon-

sistent methodology and quality. As a result, the Army

has been unable to close the gap as performance of fielded

13
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and emerging systems continues to fall short of design

effectiveness in direct proportion to the decline

in soldier quality and the rise in equipment/task complexity.

Basic TEA Considerations

In late 1978 Commander, TRADOC, designated the Director,

TRADOC Systems Analysis Activity (TRASANA) at White Sands

Missile Range in New Mexico as TRADOC Management Agent for

the TEA as it applies to hardware systems. TRASANA has been

authorized the necessary manpower spaces to develop the TEA

methodology and to assist in the conduct of TEA done by

other Army agencies such as the service schools. In addition,

TRASANA is developing a TEA handbook, a management system

and a priority system. In concept, the TEA methodology being

developed by TRASANA provides for developing alternative

trainlng subsystems early in the developmental cycle so as

to compare the et fctiveness of each alternative in t ,rms of

demonstrated soldier performance and cost. The best alter-

native(s) is/are selected for implementation. Basic TEA

considerations are outlined in Figure 2.

The TEA process being developed to harmonize these

basic considerations includes research to develop a "soldier

profile" through identification of individual learning styles,

best expressed in terms of psychological processes as to how

the individual soldier learns best. In other words, TRASANA

is seeking a conceptual construct to describe how trainees

14
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FICURE 2

BASIC TEA CONSIDERATIONS

SUBSYSTEME(LEARNING) (

' PHSICL IPHYSICA

(TNG)(INNATE)J

[HOW DO YOU HARMONIZE

ISOLDIER CAPABILITY]

ITRAINING SUBSYSTEM

SHARDWARE SUBSYSTEM

are alike and how they differ from one another. Once this

has been established the TEA process seeks to develop an

understandinq of the instructional methods and techniques

best suited to individual learninq styles to facilitate learn-

ing and skill retention. The final phase is to determine

if the available soldier capabilities match the demands

of the equipment. If they do, then the researchers must

develop the personnel selection criteria and assist the

appropriate branch school to design (Phase II, ISD) and

develop (Phase III, ISD) the training subsystem. If soldier

15
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capabilities do not match the demands of the equipme.t then

the hardware should be redesigned until the selection crit-

eria and training subsystems provide the appropriate quality

crews who can operate the equipment to design capabilities.

16
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CHAPTER II

AN INTRODUCTION TO APTITUDE-TREATMENT INTERACTION (ATI)

General Perspective

For years it has been believed by educators and

instructors alike that psychologists have been making sub-

stantial progress towards developing rules, laws, principles,

and techniques of learning that would, if understood by

all, guarantee student performance. Recently, however, both

psychologists and eduators have begun to have doubts.

McKeachie believes that Thorndike's principles of learning

appear to be "crumbling ": that at least for significant

numbers of people, defining objectives may not result in

better learning; that learning by small steps may be less

effective than by big steps; that delayed knowledge of

learning/training results may actually be a better measure

of the effects of instruction than immediate knowledge;and

that rewards may not motivate all students to do better.

Cronbach and Snow go even further and state categorically

that "there is no such thing as a homogenous group of stu-

dents or a specifiable method of instruction. ''2 In other

words, for many soldiers the standard course of instruction

is not the best course of instruction. If this is tru-e,

and the literature provides impressive evidence that it is,

it suggests the need to capitalize on individual differences

17
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to narrow the growing gap between soldier capabilities and

equipment-job requirements. While some may hold that simply

by training soldiers to criterion we can erase the effects

of individual differences (ID's), a strong case is emerginq

that we cannot in fact erase them so much as mask them.

In masking the effects of ID's it is likely that the Army

is merely deferring payment, payment ultimately to be made

in the form of increased time to train, accelerated decay

of individual skills and, ultimately, degradation of unit

readiness. "What lies before us is the task of accumulating

knowledge about how a person's characteristics inflience his

or her response to the alternatives educators can offer or

invent.
" 3

The Concept of Interaction Research

One approach to the analysis of instructional processes

as they relate to individuals is founded on the investiga-

tion of learner characteristics and educational treatments.

The initial task for researchers is to develop a conceptual

framework t- describe individual learner traits. Cronbach

and Snow (1977) do so in terms of aptitudes. They define

an aptitude as "any characteristic of a person that fore-

casts his or her probability of success under a given treat-

ment."4 Obviously, in addition to our present assessments

of mental ability and aptitude areas, this definition may

include prior achievements, sex, physical condition, in-

terests, ethnic background, information-processing

18
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capabilities and styles and a host of other, non-test varia-

bles. Many of the implicatio)ns of this aptitude definition

remain to be developed, but, as will be shown, some initial

directions have been formulated and proven useful. Treat-

ment is defined as "any manipulable variable." 5  A treatment

variable consists of one or more tasks plus the manner of

delivering the, instruction, squc'h as curriculuIm structur-,

directions, feedback, step size, program versus lecture

instruction, etc. Unfortunately, at present there is no

firm consensus as to the utility of major constructs of

* f instructional treatments as they relate to target population

learning styles. However, the literature is rich in the

formulation of testable treatments, many of which will be

discussed in following chapters in a context relating their

appropriateness for use with different aptitudes.

Learning outcomes are best viewed as "interactions."

"Interaction research concerns itself not with interactions

of aptitudes and treatments in isolation, but as they relate

to learning outcomes. Lewin's interaction formula... .states

this relationship: B=f(P,E), or behavior is a function of

person and environment." 6  If we view the problem of inter-

action as an equation, as Lewin has done, then we must ask

not only what skills should be learned and in what manner

can they best be taught but we must also ask in what different

ways are evidences of learning behavior to be measured? Do

we demand demonstrated mastery, familiarity, or merely the

19



ability to transfer the knowledge to different situa-

tions?

Three aspects about the relationship of individual

differences (ID's) in learning from instruction seem clear:

(1) ID's are far more complex than can be accounted for in

a rank order conception of intelligence and they are more

fundamental to human learning than most curriculum's

recognize, and (2) ID's not only predict individual differences

in learning outcome;they also interact with alternative

instructional strategies, and finally (3) ID's can be used

by the instructional developer, thru the medium of inter-

action research, to improve instruction for almost everyone.

To illustrate the interaction between an aptitude and an

instructional treatment refer to Figure 3 and the explana-

7
tory paragraph.

Figure 3 (a) simply portrays the differences in outcome

of two alternative instructional treatments. Treatment A

is considered better than B because .aveiaqe stjdent gain

scores are higher after A than at&-r B. Individual student

differences of learning styles were not considered here--

rather teaching strategies were the central concern, and

learning outcomes were measured by post te :' 'u

or averages. The addition of learner aptitudes changes

Figure (a) to Figure (b) by adding an abscissa representing

student aptitudes. A regression line, for the tasks being

taught, is determined by measuring individual aptitudes

20
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FIGURE 3

Hypothetical results of: (a) traditional instructional
comparisons; (b) studies including an aptitude variable;
and (c) studies testing for aptitude-treatment interaction.

By tailoring instruction to Hi- By changing Treatment A to
aptitude students Hi's improve-- Treatment B Lo's improve but
but Lo's do worse than before. Hi's decline. To keep all

students at a Hi level it may

two instruction-A w ial - rategi

0- -

z
E-4

Lo-Aptitude Hi-Aptitude Lo-Aptitude Hi-Ap titude

APTITUDE APTITUDE

(a) (b) (c)

before instruction and then plotting each student as a point

on the graph by connecting the aptitude score to the post

instruction achievement score. The resulting regression slope

can be viewed as a sort of running average across varying

aptitude levels. Naturally, when results look like this,

instructional developers attempt to change the instruction

to benefit the low achievers, while hoping that the high

achievers will continue to perform at a high level despite

changes in the instructional media or methods. However an

21
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impressive body of research now suggests that Figure (c)

is the more likely result. By improving instruction for

students with one type of aptitude (or lack of aptitude)

instructional effectiveness is likely to be reduced for

others. In this type of situation the proper course of

action may be to assign higher aptitude students to treatment

A and lower aptitude students to treatment B. Results of

this sort indicate the presence of an aptitude-treatment

interaction and it is exactly this capability the Army seeks

to attain through use of ATI research in the TEA process.

Hopefully, instructional theories can be built on such co-

relations if research results lead to full understanding of

aptitude-treatment interactions. 8

Result (c) in Figure 3 is an example of a "disordinal

interaction," one in which the regression slopes cross.

Traditionally, disordinal interactions have been interpreted

as being "significant," in that this definitely shows a

specific treatment to be best for specific aptitudes, while

ordinal interactions, a situation wherein treatment regression

slopes do not cross, have been dismissed as not "significant"

or as indicating that no interaction is present. Modern

researchers however, do take ordinal interactions seriously

because experience has shown that the aptitude x treatment

interaction regression slopes need not be so pronounced as

to cross to contain useful information for instructional
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developers seeking to improve individual terminal perfor-

mance by manipulating the manner in which the instruction

is presented.

Present State of the Art

Over the past 20 years research into aptitude-treatment

interactions has grown substantially. This growth has been

characterized by interest in analysis of human information

processing in perceptual, cognitive, learning and problem

solving tasks. Of major interest in this work is the analy-

sis of the complex learning that is relevant to the real

world. While there are literally thousands of individual

differences which can never be included in theory, psycholo-

gists have recently managed to impose a cohesive structure

on a confusing and often contradictory field of research.

In particular, Cronbach and Snow have contributed immeasureably

to the sum of our knowledge with their recently completed

(1977) Aptitudes and Instructional Methods.9 Some 12 years

in preparation, this "handbook" for researchers defines

relevant concepts in a mosaic which portrays the central

concerns and contributions that have been made in the disci-

pline. It instructs the novice and guides the seasoned

researcher to avoid the pitfals of the past. In so doing

Cronbach and Snow iavo propar d a road map by which the

researcher can produce data that are of practical use to

the instructional developer. This road map is oriented on the

principle that learning is the result of neither individual
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aptitudes nor specific instruction but rather the result

of the interaction of the two to produce learning.

If one accepts this view of learning it is evident

that researchers must seek a combination or interdependence

of aptitudes and instruction to better develop optimal

balances of the best educational program for the individual

learner. The Army's long range need is for understanding :
of the causative factors that lead a soldier to learn more

and to retain it longer as a result of one instructional

experience rather than another.

The reader is well advised at this point to realize

that to "categorize substantive findings on Aptitude-Treat-

ment Interactions presents an insuperable problem. Dozens

of abilities and dozens of personality traits are used as

aptitude variables (along with sex, age and social class).

Treatments are likewise heterogeneous, and there is no

conventional basis for classifying them." 10  Thus, no magic

formula will be presented. Rather the contribution of this

paper will be to focus future research efforts to improve

soldier training within a framework of the existing organ-

ization, methodology and the Army training and classification

systems, so that we may find out what has happened in a

training experience and what has not happened. This knowl-

edge will hopefully allow us to capitalize on individual

differences by developing an individual soldier profile

relative to learning performance; by refining our personnel
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selection criteria; by more precisely defining critical

tasks; and by modifying our instructional alternatives to

enhance performance and skill retention.
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CHAPTER III

A MILITARY PERSPECTIVE

Having discussed the present and growing personnel

performance gap, the Army training system, the need for and

c cept of TEA, and defined Aptitude-Treatment Interaction

research, it is necessary to briefly look at past and

present attempts by the military to address the problem and

by so doing to more precisely focus on Army needs

Current Personnel Classification Procedures

Armed Services Vocational Aptitude Battery (ASVAB) and

Career Management Field (CMC) Personnel Selection Criteria.

The basic objectives of the ASVAB are: (1) Established

mental qualifications for enlistment for use by all services;

(2) Selection of enlistment applicants for a particular

military occupation or training course; (3) Classification

and assignment; and (4) To test high school seniors. ASVAB

Forms 6 and 7 are parallel forms of ASVAB 5, administered

at the Armed forces examining station,along with a short

interest inventory (The Army Classification Inventory).

Information about aptitudes is then provided by the

ASVAB; Army requirements are established in quotas set for

each military occupational specialty (MOS) which are grouped
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by Career Management Fields (CMF). There are nine broad

CMF used by the Army. These are:Combat (CO), Field

Artillery (FA), Electronics (EL), Surveillance and Communica-

tions (SC), Operators and Food Handlers (OF), Mechanical

Maintenance (MM), General Maintenance (GM), Clerical (CL)

and Technical Skills (ST).

Research on matching aptitudes to military training

has shown that various combinations of aptitudes and abilities

are of value in predicting success in given career fields.

In the classification process, the aptitudes of individuals

are matched to the demands of the MOS. The current battery

consists of a series of subtests thAt are combined into 6

aptitude area composite scores for high school students

and 9 aptitude area composites for the active Army. These

aptitude area scores are a primary basis for assignment.

Each entry level training course has a prerequisite score

in the appropriate aptitude area.

Aptitude area composites, subtests, and their correlatirn

with the CMF are portrayed in Table I on the following page.

A summary discussion of subtest and aptitude area composite

composition is at Appendix I.
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TABLE 1

APTITUDE AREA COMPOSITES

TEST APTITUDE AREA COMPOSITES

GT ST CO FA EL OF SC MM GM CL

GENERAL. INFORMATION (GI) GI GT GI

NUMERICAL OI'F.RATIONAL (NO)

ATTENTION TO DETAIL (AD) AD AD

WORD KNOWLEDGE (WK) WK WK WK

SPACE PERCEPTION (SP) SP SP

MATHEMATICAL KNOWLEDGE (MK) MK MK MK

ELECTRONIC INFORMATION (EI) EI EI EI

MECHANICAL COMPREHENSION (MC) MC MC MC

GENERAL SCIENCE (GS) GS GS

SHIP INFORMATION (SI) SI SI

AUTOMATIVE INFORMATION (AI) AI AI Al

ARITHMETIC REASONING (AR) AR AR AR AR AR AR AR AR

SYMBOLS: APTITUDE AREA COMPOSITES

FA = Field Artillery MM = Mechanical Maintenance

EL = Electronics Repair GM = General Maintenance
OF = Operators and Food CL = Clerical

SC = Surveillance and ST = Skilled Technical
Communications

CO = Combat
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Table 2 portrays the correlation between mental category

(a function of individual achievement on the AFQT) and

the GT score, i.e., mental scor* with spatial perception

factors removed.

TABLE 2

MENTAL CATEGORY AND GT SCORE CORRELATION

MENTAL CATEGORY GT SCORE

I 130-160

II 110-129

IIIa 100-L09(Avy Percentile)

IlIb 90-99

IVa 80-89

IVb 65-79

V 50-64

Discussion

While the ASVAB has demonstrated a good reliability

coefficient (range for the composites is between .88 and

.92) the validity coefficients have not been established.

Correlation of the subtests against MOS specific critical

tasks is being undertaken by the Army Research Tnstitute;

(ARI) but, to date, the tests have been validated against

only supervisor/survey opinion. While the ASVAB depends
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heavily on cognitive factors for aptitude classification,

the Army has turned increasingly to hands-on performance

training that places few cognitive demands on the entry

level soldier. There are however, many cognitive demands

remaining for high skill level training tasks. This said

use of the ASVAB is a defacto recognition that people differ

not only in size and shape but in their aptitude for speci-

fic types of jobs. More importantly, by the existence of

the ASVAB the military acknowledges that an aptitude for

learning a skill can be measured and applied in an opera-

tional selection situation. People who are high. on the

measure are likely to be successful in jobs involving that

skill, while people low on the measure are likely to perform

inadequately. Because this is true, it is reasonable and

logical to hypothesize that people can also be high in

aptitude on specific instructional treatments and will be

more successful learners in instructional situations involv-

ing that aptitude. Unfortunately, the ASVAB does not make

this connection. Yet it is true that the services have made

numerous attempts to predict success in training, and in

the military overall, based on individual differences. They

have also attempted to tailor instruction to individuals

so as to remedy learning deficiencies uncovered by the ASVAB

and individual performance evaluations. Several of these

studies appear to have been well1 done and are worth reviewing.
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2Profile of a Successful Marine

In this study men who joined the Corps during the

first year of the all-volunteer force were followed through

two years of service. Background and test selection data

were related to early discharge to produce a profile of a

successful Marine. When reviewina these data the reader

is cautioned that not only do oeoule vary between one an-

other but they also vary within themselves from day, to day.

A person may not behave tomorrow as he did today. This

vends to make predictions based on profilcs actuarial

rather than absolute. With this in mind, let us turn to the

profiles of success and failure developed in this study.

The analysis considered only age, race, educational

level, number of dependents and aptitude And attitudinal

test scores. Three separate profiles were develope:3

0 Profile 1. based on:

-- educational level. age and an attrition
composite developed from thp ASVAB scores and
an attitudinal survey.

-- 14 months of service

-- N = 3.000

S Profile 2, based on:

-- educational level (HSG vs. NHSG) , age
and mental group.

-- 14 months of service

-- N 3,000
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0 Profile 3, based on:

-- educational level as a function of number
of grades completed, age, mental group

-- 24 months of service

-- N = approximately 46,000

Results

" Most discharges occur in the early months of train-

4
ing. Unsuitable troops are identified easily and quickly.

" Profile 1 is the best predictor of early attri-

tion. Non-high school graduates (NHSG) and low ASVAB scores,

particularly low AFQT/GT scores, are important predictors

of attrition. However, the "attrition composite" in profile

1 is based heavily on a non-standard attitudinal test whose

transparent nature is such that it cannot be recommended for

implementation. Profile 1 does however, serve to illustrate

the value of such an approach if a non-transparent attitud-

inal test were available for inclusion in the ASVAB. 5

* Profile 2 and 3 were successful at predicting

attrition with Profile 3 being the more useful as it better

predicts success for non-high school graduates. 
6

* The most successful Marines are most often those

who have completed high school, enlisted at an early age

4and scored high on the ASVAB m~ental group composites. 7

(CALT I through Ila.)
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*Race and number of dependents were not found 
to

be significant. once educational level, mental category

and age are known both minority and 
majority racial groups

were shown to have identical chances 
of success. Figure 4

portrays the premature discharge rates 
as a function of

education, age, and mental group. 91

FIGURE 4

ILLUSTRATIONS OF DISCHARGE RATE AS 
A FUNCTION OF

EDUCATION, AGE, AND MENTAL GROUP
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'6 The distribution in chances of success by educa-

tional group (HSG vs. NHSG) is shown in Figure 5.l

FIGURE 5t

DISTRIBUTION IN CHANCES OF SUCCESS BY

EDUCATIONAL GROUP FOR PROFILE 3

I High schon!
8 graduates

o Northigh-schoo/
graduates 1

a. 2-

Individual ch~ances of SuCees

This profile of success is consistent with a previous

analysis of USMC school assignment and performance also

performed by the Center for Naval Analyses. This study

(N =24,380 students in 84 courses) determined,anong

other things, that students in electronics courses (EC),who
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were ineligible by virtue of low AFQT and/or ASVAB aptitude

composite scores but were sent to the school in spite of

ineligibility,failed almost four times more frequently

than eligible students. Further, the failure rates of

the ineligible non-high school graduates were more than

three times the failure rates of the eligible high school

graduates. Thus, if the educational and aptitude requirements

for these courses had been met, fewer students would have

been needed to produce the same number of graduates.

Once again, measures of general intelligence and educational

levels were found to be excellent predictors of successful

learning behavior.12

The impact of educationally unqualified soldiers ex-

tends beyond the school system into operational units.

The Army's operational testing of the complex AN/GSG-10(V)

Tactical Fire Direction System, TACFIRE, was severely

hampered by the non-availability of qualified soldiers.

The test agency concluded:
1 3

The complexity of TACFIRE will place a
significantly areater unit and formal training
burden on the artillery than presently exists...
one third of the available manpower pool of fire
direction enlisted personnel do not have the
aptitudes which will allow them to pass the TACFIRE
training courses... training deficiencies are a
siqnificant factor in the TACFIRE failure rate.

35



Discussion

The reader is now asked to recall the background

synopsis introducing this paper, wherein it was noted that

a large percentage of entry level soldiers were not high

school graduates, most of whom scored in the lower percen-

tile of the AFOT as did a large percentage of the high

school graduates.I The results of the above two studies would indicate

that a large percentage of these soldiers will fail to

successfully complete either their training or their enlist-

ment or both. One must ask two additional questions: (1)

How many of these men would have been successful if they had

acquired additional skills through individualized training

* that compensated for their lack of education and reading!

arithmetic deficiencies? and (2) How much better would

the successful students have performed if they had not been

burdened with training structured for the norm, which was

F probably tailored to accommodate low skill people who com-

prise the majority of entry level personnel? Obviously,

it will require further research to answer these questions,

but the lack of an answer does serve to emphasize the

importance of TEA and the need to proceed with ATI research.

This said, a research experiment that attempted to develop

the potential of low ability personnel has been completed

'it"I -t-m- success. While this experiment did not in fact

deal consciously with ATI, it does provide an insight into
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the problems of individualizing instruction for low

achievers. As such it is an appropriate lead-in to an in-

14
depth discussion of ATI research.

Developing the Potential of Low Ability Personnel

This project was a one year effort by the Human Re-

sources Research Organization (HUMRRO) to develop the learn-
15

ing capacity of marginal Army personnel. The approach

to this effort was to design an "individualized" instruc-

tional program based on each man's entry level capabilities

and interests.16 The goals were to provide participants

with the skills and knowledge to manage their own training

and future development, while simultaneously acquiring

basic reading and arithmetic skills. Participants(N = 24)

were all mental category IV personnel who had completed

AIT successfully. Twelve of the 24 were high school qradu-

ates; their mean readinq level was at ci -jihlt tquivalent of

6.86. The mean full scale IQ, measured on, the Weschler

Adult Intelllgence Scale (WAIS), was 9i. they were a

distinctly below average qroup.
1 7

The HUMRRO staff constructed an operi, ital tea-hinq

strategy that provided for the foll'wi ,;:

* Fte*d bac K

Individualized instruction t ii, ide self-

selected goals.

* Privat . i,,i small (5 to 6) ;r, ti: s . ..
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0 A "protective" inte!rface between training and

larger organization needs. V

0 Staff selection emphasizing training in inter- I
personal relations and flexibility and the ability to accept

criticism.

The strategy was based on the hypothesis that, although

conventional wisdom held that marginal students are of fixed

and limited capacity, the creation of a favorable environment

for learning would result in noticeable gains in measured

intelligence and in basic skills. "...the staff made

the unstated assumption... that each participant, given

opportunity, would orient himself and organize his efforts

towards achieving some goal."11 9 The event was dramatically

different. The lack of structure led to "chaos and a series

120
of disciplinary problems .... This is largely consistent

with the literature on ATI research. Low ability people

commonly differ from high ability people in their lack of

organization to achieve goals. In this case the researchers

found that training requirements were... often secondary

to distractors; "spending money to buy clothes, stereos

and cars, drinking, smoking marijuana and peer confirmation

for their masculinity were often the main focuses of their
21

attention." The first lesson learned then was that a

lack of structure impedes learning by creating chaos and

disciplinary problems. Low ability personnel need to:
2 2
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0 Improve their basic skills

0 Learn to respond positively to authority figures

0 Experience success

0 Learn to use the community to develop personal

resources.

Trainers of low ability personnel need to understand

that:

* The training environment is as important as theI curriculum. 23

0 Instructor must focus on how their behavior

contributes to the disciplinary problem.2

0 Each trainer must be capable of providing basic

skills,tutoring and evaluation to help design independent

.25
study programs and counseling.

Results

After a period of from six to ten months this experi-

ment demonstrated that intense, individualized instruction

of low ability personnel (grouped on the basis of their

lack of basic skills and low IQ scores) could improve their

performance (the IQ mean rose to 96.48) and more importantly,

could develop abilities to formulate their own goals and

means of achieving them. 26 While the participants had a

history of few sustained, goal directed, self-development

activities, after training the average participant was

involved with eight self-development activities. Their
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abilities to interact with authority figures had also

improved. 27In other words there are strong indications

':at CAT IV soldiers are not functioning at their full

capacity prior to entering the service and that they will

present disciplinary problems for their units until they

are trained. On the other hand, these CAT IV soldiers were

still functioning at below the GT score 50th percentile

even after six months and more of intense individualized

instruction.

At this point the reader must seriously question the

Army's capability to devote this amount of resources to

achieve so small a gain. Further, an emphasis on individual

well being and achievement of civilian related job skills

(no matter how satisfying), rather than on individual and

unit trainingmay be counter productive to the development

of a cohesive and responsive Army. The authors of the HUMRRO

study, however, believe that individualized instruction, to

improve basic skills, to instill discipline by improving

interactions with authority figures, and to provide an

experience of success through development of personal re-

sources, is well worth the cost. Given the numbers of low

ability personnel entering the Army and the growing performance

gap, they contend that it is worthwhile in "terms of greaterI technical skill acquisition and a greater sense of responsi-

bility and accountability." ,28
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Whether or not this program with this type soldier is

cost effective, if one assumes that prior civilian educa-

tional experiences resulted in low learning levels, the

experiment did demonstrate an interaction of aptitude (low)

with an instructional treatment. This treatment was

characterized by quality control of instruction/learning,

based on performance criteria, small group and peer instruc-

tion, feedback within a functional context wherein students i
had to use previous learning to achieve new learning within

a framework of self-generated goals and organization and ~
discipline.

As will be seen in the next chapter, this is consistent

with the literature on ATI and tends to support a conclusion

that individualized instruction based on aptitudes and

traits is a workable concept. It also demonstrates that

the broad diversity of ability "makes collective descrip-

tions of limited value... .many (students) spent most of

their time resolving emotional problems which made concen-

tration on other skill development nearly impossible." 
2 9

In other words if the Army is going to train them at all

it will have to be individually-t least until basic skills,

discipline and self-development skills are acquired.

All of this leads to the next step into the world of ATI,

a review of the literature to encapsulate what is known
about ATI and what should be learned before making changes

to existing training programs and procedures.
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CHAPTER IV

A SUMMARY OF THE LITERATURE

A review of the literature of ATI reveals a dismaying

diversity of theory, experimental design and contradictory,

non-replicable results. It is important to note straight

away that "no interactions are so well confirmed that they

can be used as guides to instruction." No general princi-

ples have been developed and no generally agreed language

to describe aptitudes, treatments, nor type interactions

has emerged to guide the researcher or instructional developer

in his endeavors. The literature is as rich in criticism of

past studies as it is in conclusions. General principles

have not emerged because study findings have rarely, if ever,

been confirmed when different tasks or curricula were used

or when similar studies on the same tasks with different

learners, or the same learners at different times, were

undertaken.

As Bond and Glaser have noted in their review of

Cronbach and Snow (1977).,2

Even when allowance is made for the
methodological flaws of many studies, one is
still struck by the lack of a coherent picture
and the absence of any prescriptive assistance
to instruction.
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However, this same review noted a trend that cannotI

help but cheer those engaged in this research.

A pattern seemed to emerge suggesting that
the more promising results appeared in precisely
those situations when investigators were forced,
in a word, to think quite explicitly about what
they were doing because no ready-made and labeled
aptitude tests were available.3

Precisely so. What is available are lessons learned

that can be used to analyze specific instructional situations.

As quickly becomes evident, the use of existing psychometric

measures in ATI research must be reinforced by scientific

analysis of the processes "that relate aptitude, treatment,

and the knowledge or skills being learned.",4 Because

neither the traditional psychometric tests nor past ATI

studies provide adequate prescriptive data, they do not

establish a basis adequate for design of instructional

treatments that correlate with individual aptitudes. How-

ever, recent research has identified the methodological

errors of past studies and formulated methods for future

research on aptitude-treatment interactions and statis-

tical analysis techniques. 5The Defense Advanced Research

Projects Agency (DARPA) has also compiled an extensive,

selective review of the literature on instructional strate-

gies and individual differences. 6The reader interested in

tracing data to primary sources or desiring an overview of

the central contributions being made in this field can sim-

u-ly turn to these volumes to gain admission to the discipline.

43

OEM -*



The purpose of this chapter is to encapsulate the scope

and range of the research in order to focus what is known

and what is known to be unknown within a context of the

2RASANA TEA program. What follows is a summary of the

major lessons learned in ATI research to date. In short,

this and following chapters set forth how what we know

about ATI can be used in TEA and what remains to be explored.

Lessons Learned About ATI

Aptitude-Treatment Interactions exist. "The substan-

lye problem... is to learn which cht'acterist ics of the per-

son interact dependably with which tentu res of instruction- F
al methods." 7 Careful analysis and synthesis of the liter-

ature reveal quite a bit about what is known as well as

what remains to be discovered about ATI.

Aptitudes

* While controversy exists over whether researchers

should concentrate on a few key dimensions of aptitude or

try to consider the many dimensions required to fully char-

acterize the individual, it appears best to focus initially

at least, on a short list of significant traits.

0 Measures of general abilities such as those

measured by the ASVAB AFQT/GT subtests, (word knowledge,

(WK); arithmetic reasoning, AR); etc.) predict the aiount

learned or the rate of learning or both. Special abilities

such as psychomotor skills, auditory abilities, bioloqic
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F
reactions, etc. interact less frequently with instiuctional

events and do not relate to subsequent performance as
8

strongly as do general abilities.

* Measures of scholastic ability or academic

achievement do often predict learning of new material--the
9

correlation is often in the range of 0.40 to 0.60. However,

individuals learn at different rates and also adapt to

different instructional conditions at different rates.

Insofar as learning rates are evidenced by performance, the

effect probably cannot be attributed to any single apti-

tude but has to be attributed to information processing

skills and motivation.*

* "intellectual development is cumulative: the

person who succeeds in early intellectual adaptations lays

down skills and attitudes that help him... later .... For

this reason measures of past achievement are thought to be

good indicators of learning 
aptitude."

'I 0

Interaction

0 Significant interactions are more likely to be

realized in treatments extending over several weeks than in

short experiments. Training courses selected for

* Information processing and associated research

models will be described later in Chapter V, Research

Methodologies. Suffice it to note here, that this is

a complex area of aptitude differences dealing with the

learner's ability to detect, analyze and evaluate incoming

information. Motivation, thought by many to be a key

factor in learning,will be discussed separately later
-his chapter.
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evaluation of learning style interactions should be of ait

least two weeks duration.

e Onecan mask individual differences only by

restricting the faster learner. Students high in an apti~-

tude central to the training at hand or high in general

ability will profit from the opportunity to process the

information at their own pace in their own way. Lows

however tend to be handicapped by this type instruction.

This is not a universal rule, but it encompasses a wide

range of results. 
1 2

*For some instructional content, using audio-

visual/symbolic techniques to replace or supplement verbal 1[

instruction helps persons of low general ability to learn.

This has not proven to be as beneficial to high ability

people and may even be detrimental to them by lowerirng

their motivation.

a No evidence has been found to support a thesis

that programmed instruction, using small steps with continual

overt response and corrfction techniques, is helpful to

lows. Nor has branching to enrich programmed instruction

been found to be helpful to highs. The conclusion is not

that such treatments do not interact with student aptitudes;

it is that the interactions are not predictable. Sometimes

they (the programmed texts) do help as predicted. Sometimes

not, and sometimes they interact in the direction opposite

to that predicted.1
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0 Instruction that is heavily verbal frequently

is more fruitful for those of higjh general abilities, but

is detrimental for lows. 1 5

Prior Learning

* Findings that most clearly match special aptitudes

to special instructional techniques are the interactions that

use prior experience. A treatment works most efficiently

for those who have already developed skills in using the

treatment. Thus, inferior performance need not be a fixed

inaptitude as the ability to perform evidently is rooted in

experience with a specific type of instruction. Rather,

the poor performer is simply not yet ready for the instruc-

tion. 16This was clearly and consistently demonstrated during

ARTS sponsored TEA in 1978.*

Personality Fac~ors

Interactions traceable to personality factors have been

found in the ATI literature with "considerable frequency,

EA1,Q some combinations of vari~~bles and treatments appear

more promising than others."1 Personality variables are

many, complex and evidently not always completely understood

by ATI researchers.

* See the Army training study, Final Report, data
book, Aug. 1978, pages SQ 2-3 which discusses the influence
of prior experience on training time and costs to attain
criterion terminal performance.
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However, one of the basic principles of psychology is

that all behavior has a purpose. In the simplest terms,

a person is motivated to act or to refrain from acting in

order to satisfy a perceived need (aside from the need to

satisfy basic physiological needs) such as to reduce anxiety

or to satisfy a need for achievement. Thus personality

variables may be viewed for purposf-s of ATI research as

motivational constructs. A major problem for the Army,

however, is the fact that the Pepdrtment of Defense (DoD)

does not now routinely administer personality inventories.

As noted by the Of fice of Naval Research study on the pro-

file of success in the Marine Corps, there is need for the

"development of non-transparent psychological tests designedI

specifically to predict success in military service."11 8

Such development is indeed required. At this time a great

many personality variables are surfaced in the literature,

often without a common, cohesive behavioral definition

of the trait. This said, it is evident that some personality

variables do seem to hold promise for ATI research. These

are: traits of anxiety, and need for achievement, or their

opposite extremes, low anxiety, low need for achievement.

Anxiety, sociability, and need for affiliation may also

have strong effects on motivation.

Before going on it is important to differentiate between

a personality trait and a state. one who is generally
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fearful, nervous, and concerned to the point of distraction

from the task at hand, could be labeled as an anxious per-

son--th.-s being his predominant condition. Anxious learners

under even mild stress may become paralyzed by confusion

and turn in an inappropriate performance or even give up

entirely. Conversely, one who is normally calm, sedate, and

secure could be moved to a state of anxiety by circumstances.

This anxiety state is similar to an anxiety trait but is

temporary and need not necessarily be treated by individual-

ized instruction. Some studies do indicate that a mild

degree of anxiety is necessary to motivate a student to

learn.

. Single personality trait studies have identified

the important variables discussed above but no single trait

has been found that, by itself, contributes as significantly

to the students response to instruction, as they do in com-

bination. As an example, a study by Domino produced con-

sistent evidence of interactions of instruction with learner

need for achievement. Performance was better when the

instructor encouraged the student's natural style. Domino's

aptitude variable was the difference between achievement

through independent action (Ach i) and achievement through

conformity (Ach c) to rules and the desires of others.

Domino administered the California Personality Inventory

(CPI) and scored only the Ach i and Ach c scales. Those

high on independence describe themselves as self-reliant,
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demanding, and mature. Those high on conformity describe

themselves as responsible, sincere, organized, and efficient.

'h.3se are both favorable self images that differ in kind.

Those whose self-image is not favorable will not score high

on either scale. High independents did best when the instruc-
20

tional media favored conformity. Further, there is

evidence that anxiety traits combine with the need for

achievement, with students high on anxiety being helped

more from a teacher-dominated class structure and students

low on anxiety doing better with student-centered instruc-

tion. From these experiments a considerable theory has

emerged emphasizing the combination of need for achieve-

21
ment with anxiety as the predictor.

* Motivation which, of course, often results from

recent motivational experiences such as expectation of

reward and understanding of relevance, can also be condi-

tioned by long term success or failure in like circumstances.

Many research scientists aggreate measures of anxiety,

sociability, need for power and/or achievement within con-

cepts of motivation. Cronbach and Snow employ the concept

of "defense motivation" and "constructive motivation" to

categorize individual motivation traits. Defensive motiva-

tion refers to those who are alert to threats and who

organize their responses to the environment so as to handle

a particular threat effectively. Constructive motivation
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encompasses need for achievement or otht-er.. 'Io fend
22

to motivate towards seeking success. Mot i.' ,, appears

to occur in a three phase cycle:
2 3

i. The motivated state

2. A stress situation leading to act icri

3. Relief as a result of action.
:r

An impressive amount of evidence confirms the importance

of constructive motivation to learning. The Domino study

indicated that motivated students respond better to instruc-

tion that places responsibility for learning onto the student.

It is not equally clear that the unmotivated student responds

less well to less directive treatment, but the literature

does indicate that students who are not motivated to learn

need more direction.
2 4

Motivation as it relates to recent experiences may be

such a transient trait that it is difficult to envision a

way for it to be of much use to the ATI researcher except

in terms of motivated or not motivated. One approach would

logically seem to be to determine what motivated the soldier

to enlist and t.c separate his expectations regarding training

and education and seek to capitalize on these to maintain

his motivated state throughout his service. One problem

with this approach is the fact that ATI research indicates

strongly that individuals do not always learn best that which

they enunciate as being most desirable to them. With that

eat, recent surveys by various Army agencies appear to
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point towards a need for skill development and educational

benefits to be the main reasons why a majority of young

people are joining today's Army.

One such study was recently completed by the community

Mental Health activity at Ft. Knox, Kentucky, which surveyed

1,068 armor trainees who underwent traininq during May through

August 1978. 2 5 All individuals included in the sample were

surveyed prior to undergoing basic and aivzinced training.

Thus, their original motivations, and h, ' ositive attitudes

towards the military, were presumed to tact. The

sample was analyzed by educational levi : igh school vs.

non-high school graduate), age, and reri for joining.

Of the 860 high school graduates in th( :ple, 58% reported

the desire for educational benefits a. -ir prime reason for

joining, while 51% joined primarily -ondarily to

"develop a special skill." The non- ;:i school graduate

joined for similar reasons; 62% str ;:' the desire to develop

skills as their primary reason for tinlisting, while 61%

joined for the educational benefits. Both groups revealed

a strong desire to help the country. Four statements were

selected as reasons for joining the Army by more than 50%

of the sample studied:
2 6

0 1 wanted to develop a special skill

* I wanted the educational benefits

0 1 wanted to travel

0 I wanted to help the country
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These data are consistent with the majority of attitudinal

surveys conducted for and within the military. It doesn't

take much imagination to put these data together with the

results of ASVAB testing and the USAIS Reading Study to

produce a picture of young people who have not previously

been successful at learning who have joined the Army in order

to correct their deficiencies and to acquire skills. It

appears that if the Army can catch them at the beginning

of their training, instructional developers can capitalize

on positive motivation/attitudes to individualize instruction.

Hopefully, early success in learning will have positive

effects on subsequent training, discipline and retention.

0 other personality traits, singly and in com-

bination present an essentially unfocused picture. 
2 7

CogAnitive Styles

The term "cognitive Style" refers to patterns of informa-

tion processing. Cognitive styles seem to mediate between

pe rsonality variables and aptitudes as they apply to instruc-

tiojnal strategies. Use of the term is often made to dis-

tinguish styles from abilities, although this distinction

is blurred and it is difficult to determine a practical use

for this concept. Two stylistic variables that appear

to have promise in ATI research, however, do appear often

and positively in the literature on interactions. These ate

"conceptual level" (CL) and field independence (FI). These

".styles" seem to reflect both ability and personality. Hunt

53



and Sullivan 28 did early research on the CL con-

cept.

Conceptual Level
CL is assessed by essay and sentence completion tests

to determine individual levels of conceptual complexity.

The complex person is believed to view his world as both

differentiated and integrated. The person who perceives

his world in stereotypes does not. Persons high in CL show

a greater tendency to think abstractly than do lows and are

generally more mature in their personal relations. They

are more tolerant of stress, and thus perform under pressure.

Hunt, et.al. have hypothesized that CL will interact with

the structure of a task. High-CL persons are thought to

do better with less structure; lows do better with more

structure. Instructional variations of structure might

include highly teacher centered courses versus self-pacing,

teaching problem solving rules versus teaching by examples,

etc. Cronbach and Snow (1977) reviewed the significant

ATI research on CL and found the need to combine an analysis

of academic aptitude along with CL to better explain signif-

icant ATI results. 29 This said, the research does tend to

support Hunt's hypotheses that low structure instruction

serves high-CL groups better and structured instruction serves

30low-CL groups better. However, it is also noted that

"...persons high in ability and low in CL did considerably
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better under external direction...e than did persons high

in CL and low in ability. In other words high CL cannot

offset poor overall ability. 31 Once again, it is evident

that general ability is a powerful predictor of learning

performance and should probably be used in all aptitude

constructs.

Field-Independence

The principal work on field-independence (FI) had been

done by Witkin 3 2 and his associates. FI is usually deter-

mined by results of Embedded Figures in which the individual

must detect simple geometrical figures contained within

more complex figures, or performance tests such as the Rod

and Frame test, in which the subject is required to directly

or indirectly adjust a moveable rod to the true vertical

position while the rod itself is located in a separately

tilted frame. Persons able to identify a simple figure or

a vertical position in a complex context are said to be

field-independent or able to analyze complex situations

rapidly and accurately. One who has difficulty in doing so

is said to be field del-endent. 3 3 A relatively few studies

have examined the interactions of F1 with instruction. These

studies have found that it helps to make instruction similar

in style to that of the learner. That is, if the learner

is high-FI then instruction should center around discovery

and application of concepts; if the learner is low-FI
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1]

then instruction should avoid dealing with concepts and

should substitute the teaching of rules and procedures.

However, as noted by Cronbach and Snow after a complete

review of past research, there are "...enough inconsisten-

cies to make generalization (as to the ATI of FI) impossible

for the present."3 4  As with conceptual level (CL),it will

be essential to quantify the effects of FI in a multi-trait

experiment.

ATI Testing

Instructional comparisons in the literature invariably

involve measures of central tendency. This tends to weaken

the effects of individual differences in learning and per-

formance. Thus, while some students may do better with one

mode of instruction while others profit more from a different

mode, the use of the statistical mean tends to disguise

this fact and on the average no differences between groups

would be observed.

Cronbach and Snow recommend that "...ATI research use

confidence limits instead of testing the null hypothesis...

every report on an ATI study should carry basic descriptive

statistics within each treatment. The needed statistics

are the mean and Standard Deviation of each aptitude and

each outcome, plus the regression slope or correlation for

each aptitude-outcome pair... interactions that do not reach

significance should be described along with those that

do, especially in analyses with low power. Consistent non-
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significant results."3 5 As a minimum, a careful regression

analysis of the relationship between individual differences

and mode of instruction is required. The truth and impor-

tance of this lesson to researchers and instructional developers

alike cannot be overstated. Time after time study results

have been discounted because correlations were not signifi-

cant at the p.05 level. As a result, individual aptitude

__1

U treatment interactions become lost in the group statistics
as researchers strive to separate the chance perturbation

from solid, predictive, results. In reality, finding out

what happened to an individual during instruction and report-

K ing it is what is important. Significance testing is then

of secondary importance; a useful guide, but not the final I
authority for separating form from substance. Also, Cron-

bach and Snow3 6 ., .. take ordinal interactions (a situation

where two regression slopes do not cross) seriously." And

take them seriously we must, if we are to avoid losing the

f,-rest for the trees; the important thing being the amount

a 7tudent or group of students improve under one or more

r. treatments. (See Chapters Il and fItI of Cronbach and Snow,

1977, for a complete discussion).
3 7

& Most ATI research has been accomplished with too

few subjects. It has been shown that researchers should

E~rlysamples of 100 subjects per treatment.3 8 Tenmru

"no difference" and contradictocy results emerging from the

ATI literature are most probably the result of the lack of

- .er resulting from small samples in regression analysis.

5~7
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"As correlationists are well aware, the sampling variability

of a correlation coefficient is surprisingly large relative

to its range of permissible values."
3 9

The reader should turn to Chapter 3 of Cronbach and

Snow (1977) for a complete discussion of the inadequacies

of the ANOVA for interaction research and Chapter 4 for
40

advanced statistical analysis topics. These two chapters

are highly technical in nature but provide detailed guidance

as to use of statistical analysis in testing. As such, they

are a must for ATI researchers for use in both the test design

and data analysis phases of research.

0 As indicated previously, most reported ATI studies

have employed treatments of short duration. This has added

to other deficiencies of design, analysis and reportinq to

frustrate researchers and instructional developers alike.
4 1

Since it has been demonstrated that subjects exposed to treat-

ments for the first time will probably differ in performance

from those who are experienced with the treatment, short

treatment results are often very misleadina. This difference

is parallel to aptitudes developed through previous learning.

Under such circumstances, an interaction demonstrated early

on may well be changed or even reversed in later stages.

Therefore test plans must provide for a period of habituation.

At the same time, because of the difficulties of transferring

results from laboratory settings to natural learning situa-

tions, it is advisable to integrate ATI experiments with

ongoing training.
4 2
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0 Learning research can be designed to either hold

training time constant or to allow time to vary so as to

allow all students to be trained to "criterion." Research

into programmed instruction is a good example of allowing

time to vary by student as the measure of effectiveness is

obviously time to criterion. Sounds logical. However, for

ATI research there are strong reasons to recommend that

ATI researchers hold time constant. This recommendation

centers around the fact that how much a student learns

within a specified treatment is a meaningful measure of the

effectiveness of that treatment. If time i._s allowed to

vary then it is possible that treatment A could produce

better post-test scores while treatment B produces lower

scores in a shorter period of time. If times and scores

pcnt in opposite directions interpretation is impossible.4 2

similar problems arise when soldiers are trained to "mastery"

by neing given remedial training until they are able to

s&.sfactorily perform specified criticai tasks. It is

pcsible however, that terminal performance was not really

uniform. There have been circumstances when this has been

shown to be the case. This was discovered in retention

tcstlng which measured performance differences of ATI

graduates subsequent to unit assignment. 2oss of performance

nad been attributed to skill decay when in fact the skill

43
nad nover been mastered. Thus, an experimental design that

,;iiws time to vary cannot be said to have the compensating

LI of hol ino loarning cuiistant."
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In summary the literature reveals general ability to he

the most powerful predictor of learning performance and lays

out some universally applicable instructional strategies

whii:1n, together with the lessons learned from pas. ATI

efforts, can be used as initial ATI principles to support

development of the TEA process. An excellent summary of thne

range of instructional strategies which can be related to

individual aptitudes was prepared by the Canyon Research

Group, Inc., for the U.S. Army Research Institute (APT).

This quote from their work on dttvelopinq instructional alter-

natives for the training of Air Defense (REDLYE) gunners, is

included as one of the best available.4 5 (A complete dis-

cussion of this interesting study is contained in Chapter %IT

The most efficient strategy containing the
greatest motivation for high aptitude learners
is a non-structured individualized program. The
learners in this category should be given the
instructional objectives, the freedom to choose
their own study method, and to pace themselves ...
to docide whother to work in g~roups or alone ...
Extensive feedback and motivation art, not needed,
since this group provides its own intrinsic feed-
back and motivation.

In contrast to this, low aptitude learners
require complete structure with instructional
sequences broken into small steps, a slow rate
of presentation, high degree of repetition, elem-
entary language level, with content presented in
a functional context, and extensive practice.
The presence of a live instructor to provide
constant external feedback and motivation appears
to be essential.

Research to date has also indicated cogni-
tive style to be an important learning variable.
The extent to which an individual is analytic
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or non-analytic (field independent or d.utndent.,
may affect how efficiently and ettectively! he/
she attains certain skills aiLd knowle2g'. :c1i may
suggest appropriate instructional strat.e:.gae -7,
media, and methods of instruction.

The ability to provide structure and re-
organize perceptual information Trtstntf:d as
variations of a structured field can deter.mine
the effectiveness of given instructionai.t rethod1-
ology and a learner's success in maitery and
retention on specific tasks. It hais Leen hvpo-
thesized that the greater structuir,ig :aw .ity
will enable field independents/analytics to prr-
vide their own strategies for encoding arid util-
izing instructional materials. Field deponierrs/
... will be more dependent upon the irst1';t,
materials to provide structure and rgar 1z atbo
(Goodenough, 1976,1.

In determining appropriaze trategi foL
eithe; group, existing research hau sugeste
that field depenrent persons tend r,; ] ,
socially relevant raterial mor2 ect . 7;
(2) prefer to ass:me a passive or st
lee.rning role: (3) are more affe(',eA J -o_; :,ega-
tive reinforcement ; and (4) favor nte ractive
teaching methods. The field indeiendent eOru
tends to: (1) ass.ame a more a t,., r ri -
pant learning role; 2) learn mort- ' ,
wit', intrinsic M.rotLvatiul; C.
without feedback; .4) need l .
ture; and (5) fa-cr exposit1 1 -
Rosenbori , Minti z and Clark

11 ATI'.'1 ' t !-'/ C~m 1 s~c ' u
as t he ont, ta it o,'!rest in t Jip Stt, .j t ' ii -

: 9_ercept,: hi itie., havI ' , ,r ; '

irportant 'r nbL I u. .i o L,;
proficiency that 'i11 be atwt.ill 1,e hel il-
ord, Fruch or, and Z immer iai, 9", 1

Tn effect, the in truct oa± uc ,, s !ei o%

d ichotomy. A learnino s#raitgv wouli a.'e.r .i r c',ria .

-,;r !'/qh-aptitide learners who _iro :ije, . :derenrc

nn anxiety and have a neeoi for achievemeni- trica independen

act ion. A teaching strategy so( ems to hE: the. more useful

at-,proach for low-aptitfii ] oa nert who a. , ,]- pendent

ani,, hi jh on measur -. A f defetj,.i'.eness such as arxi- y.

I



The teaching strategy implicitly encourages rote memoriza-

tion leading to information storage which may not get mean-

ingfully related to other stored material. Such a strategy,

although obviously useful in the Army's present training

situation, is likely to prove maladaptive in many combat

situations where understanding may be far more important

than mere performance of a limited number of critical tasks.

By training low ability soldiers by means of teacher oriented

strategies the Army, in essence, may discourage a soldier

from developing an awareness of his cognitive capabilities;

capabilities that must be developed if the soldier is ever

to grow into the higher skill level tasks required of non-

commissioned officers. This is not to suggest that ATI

results demonstrating the need for teacher centered instruc-

tional strategies are inappropriate. Rather, it suggests

a more complex learning strategy is also needed to develop

the individual's cognitive abilities to facilitate the

transfer of acquired skills later in his service. This is

one reason why TEA is so important. TEA provides the

Army with a methodology for developing instructional strate-

gies of the requisite complexity needed to develop the

young civilian into the trained, mature, skilled soldier.

Chapter Summary

To briefly sum up. The view emerging from the litera-

ture as regards aptitude interaction with instructional

strategy is that the individual must be viewed as a being
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shaped by the interplay of his genetic structure and exper-

iences. For this reason research strategies must provide

for the analysis of information processing and cultural/

personality differences, as well as general and special

abilities. The importance of this perspective cannot be

overstated as this allows researchers to carry measures of

these aptitudes through their studies. Since the literature

is much less clear as to the power of such variables as

creative thinking, impulsiveness, cognitive complexity and

other constructs to interact with treatments,and because

reliable tests are less available to measure these constructs,

research into their effects should be carried on separately,

apace with ATI research so as not to impede progress while

seeking additional information.

L
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CHAPTER V

RESEARCH METHODOLOGY

identification of the general results of diverse

studies on aptitude-treatment interactions is useful as

background information but does not provide guidance adequate

for the analyst attempting to continue ATI research within

the context of TEA. What is needed is a theory or model of

the learning process that provides a framework for the col-

lection of data on aptitudes and treatment interactions

and can be used by the instructional developer in the design

and revision of training. The theories and methodological

concepts needed by the researcher are now available. Many

leading psychologists are now working on these problems.

Glaser (1976), Cronbach and Snow (1977), Hunt (1977),

Greeno (1977), Sternberg (1977), Resnich (1976), Gagne (1968,

1970), and many more, have made significant contributions.

* A complete discussion of all these important efforts is

impossible in a short research paper. Although only an out-

line and summary of the most applicable concepts about

individual differences can be presented here, it is necessary

at least to generate hypotheses about the cognitive pro-

cesses that distinguish aptitude constructs. Further, it

should be recognized that all relevant concepts and methods

will need to be combined if ATI theory is to be useful in

improving soldier training.
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Because general abilities are known to interact most

often and strongly with instructional treatments, this aspect

of individual differences would seem to be the most logical

starting point from which to construct a research theory.

General Mental Abilities

Berliner and Cohen have discussed the problem of general

intelligence (G), and suggest that many instructional situa-

tions require such a high level of general intelligence that

little variance remains after the effect of general intelli-

gence is removed. For this reason they believe interactions

of G with instruction are difficult to detect. They urge

discovery of treatments that do not rely on general intelli-
1 2 3

gence. McKeachie and Glaser would apparently agree;

both seeking "new aptitudes" conceptualized in terms of the

processes needed to perform givui, tasks. Rese. rchers such

as Hunt (1973) have conceptualized learner characteristics

in terms of "accessibility" translatable into specific forms

of educational environments. Hunt envisions learner profile-

i. terms that describe a specific orientation as: (1)

cognitive orientation; (2) motivation orientation; (3) value

orientation; (4) sensory orientation. 4 His idea being that

tllp-e "accessibility characteristics" provide a means of

tailoring instruction to an individual's orientations.

These approaches present several problems, however.

Ficst of all, very little work has been done on other than

. cognitive processes. Secondly, general mental ability
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measures are available for use and have been shown to inter-

act with identifiable instructional treatments and, to a

lesser extent, with personality variables more reliably

and often than have special abilities and aptitudes. Lastly,

such characteristics as motivation and values, or even

sensory orientation, are more likely to be transitory in

nature and to be overwhelmed by general ability given a posi-

tive motivation. This suggests that what is needed is a

way to define and model qeneral intelligence in such a

manner that it is compatible with information processing

models. In other words, we need valid terms of reference

to describe what happens during an instructional event.

Snow has provided an excellent theory of geneial intelli-

gence and linked it to a research framework which serves

to combine other relevant information processing concepts.
5

Snow's work is useful precisely because he has brought the

research results of others into a cohesive framework.

His paper, entitled "Theory and Method for Research on i

Aptitude Processes: A Prospectus," is particularly suitable

for use as a TEA research construct for the development

of soldier profiles as they relate to training. Figure 6

shows a structure designed by Snow to "approximate those

fashioned by Vernon (1965), Cattul (1971), and Cronbach

(1970), and to be consistent with Guttman's (1965) multi-

dimensional scaling (f Thiix ' ita ..

----------



FIGURE 6

HIERARCHIAL ORGANIZATION OF A3TIAT1!t.S
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This hierarchical construct- provides a framework on

which can be placed many of the separate aptitudes and

differences discussed in Chapter IV. For a full discussion

3f Snow's approach the reader should consult the primary

source.

General mental ability is divided into three major sub-

divisions: Fluid analytic ability (Gf), crystallized

verbal ability and educational achievements (Gc), and
7

visualization ability (Gv). As caii be seen by a review of

the ASVAB/AFQT subtests at Appendix I, spatial abilities

are also categorized as a component of general mental ability

by the military. This is consistent with the literature

(Horn, 1976), and is one element represented by visualiza-

tion (Gv). Other subdivisions of Gv are, however, unknown

at this time. Below these, Snow has placed more specific

abilities and skills as subordinate, but inclusive of, gen-

eral abilities. By comparing the elements included on the

ASVAB with Figure 6 it can be readily -een that many reliable

measures of general ability are already to the TEA analyst.

There are, however, more data supporting the crystallized

ability and achievement side of the hierarchy than are

available for either fluid or visualization abilities (Gf

and Gv). This is reflected by the question marks, dashed

lines, and the unconnected perceptual speed and memory

span boxes in Figure 6. This suggests, of course, that

future research should focus on the Gf and Gv aspects of G;

68

NONE--" " . - i . ... ... .* - : ='" 
u

-W ,.. . . .L ._-.. ' , .t i !_% . ,



a task more appropriate for ARI than for TRASANA, btit

necessary for the mature TEA. As concluded in, the

Chapter IV summary of the Literature, ATI researchers

should deal with as few aptitude vatiables as possible

and should allow additional ones only as demandeci by the

data. The hierarchical organization of aptitudes in

Figure 6 assists the researcher in this regard as one need

not interpret an interaction in terms of a spe.ial ability

unless it can be shown that a more general mental ability

does not account for the result. Snow's hypothesis con-

cerning this hierarchy is that:

...the vertical dimension...represents ditferenmces
in reference generality among ability -oiistructs.
Constructs at higher levels typically refer to
higher classifications of tasks. that are likely
to transfer to... a broader range of intelliqcnc-e
me asures.

A compilation of t -t. - d Jef initi), s C: : human

abilities portrayed in io-ure 6 is to be founa ini

Appendix Il.

By starting with the hierarchy in FicqurL 6 it appears

that the researcher has a foundation upon ,bch to bui-id his

initial framework that ha-i not been prcvi%C,. el]ewhere.

The next step wotild logically appear t; be t"; build on

this general abilities model in two ways:

a. Additional laloratory research L's r.eeded to

develop fully the range and scope of the Gf azi 1v subelemcnts,

and their relation to other G constructs.
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b. A theory is needed to connect the hierarchical

model of G with a concept of information processing to

answer the question as to how an individual uses his general

abilities to translate instruction (stimulus) into performance

(response). The first requirement is beyond the scope of

this paper as it will require extensive long range research.

The second requirement has in fact been largely accomplished.

Snow has synthesized the works of numerous researchers to

link the gross concept of stimulus-response into a trans-

formational schema,which not nly builds on the concept of

"G" shown in Figure 6, but also provides a framework for testing

and evaluation which should be useful in TEA. While lacking

precision and oversimplified, this schema maps the trans-

formation into three hypothetical phases: (1) Cognition,

-c., discovery of nPw information through the stimulus of

learning; (2) Production, i.e., thinking in terms of

patterns, systems, and transformations; and (3) Evaluation

of the implications and adequacy of possible responses.

By synthesizing this concept of the stimulus-response theory

with the hierarchy of general ability, the researcher can

construct a hierarchical learning taxonomy useful for de-

signing ATI experiments and data evaluation. Figure 7,

Snow's schematic coordination of learning and ability

hierarchies provides such a taxonomy. In Snow's words:
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The ordering of stet;s implies further
that abilities representing these operations
product cells... both reflect prior learning up
to the associated...level and predict individual
differences in new learning at those levels.
One could imagine the design of learning task :
to represent several adjacent levels or stages
of learning and their use in research aimed at
correlating individual differences in learning
at each level with ability tests chosen from
the corresponding response product hierarchy.
The hypotheses would be that measures of gen-
eral ability would correlate with learning in
all stages, if the task began at the simple
response learning level. Specific tests chosen
to represent particular products would correlate
primarily with yrformance at the associated
learning level.

Chapter 5 of Cronbach and Snow's"Aptitudes and Instruc-

tional Methodg'had a discussion of the few studies which

have tested this type hypothesis.

While research is necessary to validate and refine

these levels of learning, they do provide a tramework for

continuing ATI research that is superior to that found else-

where in the literature. The hierarchy in Figure 7 provides

a continuum of increasing complexity in learning and ability

which facilitates conceptions of the learning process and

allows the ATI researcher to continue to build a test methodol-

ogy. The simplest ability tests and learning tasks involve

understanding of units, classes, and relations. The more

complex tasks involve the skills associated with the under-

standing of systems, transformations into new tasks/skills

and the evaluation of implications being the most complex.
1 2
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This is consistent with what has beer, est.ablish,<J ir tte

literature concerning high versus lw gun(.r ii I i ties

and provides a needed link between "G," and performance

as a result of learninq.

While Snow (1977) admits this i!, now ill ';nei specu-

lation" the construct is compelling pzecil1y because it is

consistent with trends established in ATI research ard, dare

it be said, it is intuitively satisfying in tf-it t_

ponds with the comm~on knowledge of th existtr.'e -,f a hier-

archy of difficulty in iearnin,.g and real ]li,', ta

A Stimulus-Response-Response (S---R) Patterc!

Mention has been made of the wel> estshli,..- stim-

ulus-Response theory,. Tf he concept nf !i..: n i' < j:r

7 has -val--1L hu -jt-vu;.'e tl rcnrr ;c~~

by individual di , tv toLe

say that a psycho!i h'ry I k a. -

havioral response sto,l], npa ,, .>; tC

occur within the indil.1 l As an -x'mi It,, e .

must translate numbers o ' .gures in_, so a - :rk - ,

can react appropriit-1-" t-) a stimulus toE;: ,.. K,; o"

;rganized numbers or fi ue; -. ill take io ; , aaslate

and will likely be incorI-,telv con( ,rit a;l,-] i :h :cnditions

-'f short exposure or react iDn time. Phe too eee of cc ncept

completion--the middle P--2an thn be -,lou,' -I as a cognit ive

aptitude which differs amcng individuals. iuow nakes this
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point in proposing a Stimulus-Response-Response model for

research on individual differences in psychological pro-

cesses. This S-R-R model is necessary if efficient us-

is to be made of what is known about information p.-

cessing because it provides the link between tle hierarchy

of learning and ability in Figure 7 and useable information

processing concepts necessary to develop instructional

strategies for specific groups of individuals. 14

Snow points out that for research on individual dif

ferences in psychological processes !lo two response v. i-

bles must be measures applied to the same subjects which

yield individual scores for each subject. He states thu

S-R-R paradigm succinctly as: 1 5

.. effects of experimental mau Jpulat ion..
are reflected in changes in the R-P inter-
relations as well as the mean of a(h PF.
The middle R might be truely aii intermediate
response measure in an experiment, or it might
be a measur,, of an individual attribute taken
before !he occu-rence of S. (before the train-
ing). All experiments on ATI are instances of
the latter type. The aptitude, while measured
before treatment, is presumed to represent
individual differences on an interveninq varia-
ble essential for larninq.

The utility of this construct for AT resea ch and the TEA

analyst is obvious. If the manner- -n which an individual

processes stimulus information is i ptedictable variable

reflecting aptitudP and if the ultimate performance (the
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second "R") is dependent on these differences, the concept

of ATI is not only reinforced but an experimental methodology

applicable to TEA goals and objectives is also indicated.

Information Processing

Information processing models are increasinqly import-

ant to the psychology of human learning. These models,

largely supported by computers, provide a basis for in-

creased knowledge as to the complex cognitive processes

connecting stimulus and response. The literature on infor-

mation processing is both complex and lengthy and a detailed

discussion is beyond the scope of this paper. However, an

adequate information processing model is essential to a

well designed ATI experiment if an interaction between

aptitudes and instructional treatments is to be made. Bower

(1975) provides an outline of the major elements of most
36

information processing models. Snow (1976) uses this as

a framework within which to consider individual differences

in information processing. Bower begins by making a

distinction between the initial perception system, short

term memory (STM),intermediate memory (working memory)

(ITM) and long term memory (LTM). Within these are assumed

to be subroutines to detect, analyze and evaluate incoming

information in order to recognize patterns and to add pre-

vious knowledge to new information. The theory is that STM

maintains the spatial and temporal order of the information
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and categorizes and relates groupings of data. Thus,the

STM allows the individual to react rapidly to information

conveyed by the eyes, ears, nose, etc. However, since STM

does not store information, people use the ITM to main-

tain data concerning the task setting and local environ-

ment within which the overall activity is taking place.

ITM maintains the ongoing situation in a coherent manner

while STM is actively engaged in learning/performing. LTM

is the site of storage for permanent knowledge, concepts,

attitudes and skills. Data are withdrawn from LTM to update/

improve more limited data available in ITM and to improve

the quality of the overall problem solving performance.

As portrayed in Figure 1, tasks are believed to differ

in their complexity. Snow (1977) has translated the implica-

tions of Figure 7 into information processing terms and

added Bower's concepts of STM, ITM and LTM to analyze learn-

ing, ability and problem solving. The hypothesis is that

individual differences in information orocessina Arp at

the heart of observable differences in learning. Because

no simple list of standard differences or measures of dif-

ferences are likely to be generalized across the popula-

tion or to remain static over time, it appears necessary to

establish difference sources and kinds of individual differ-

ences in information processing and to show how they can

be combined and/or further differentiated so as to determine

how they work in combination to produce differences in

performance resulting from distinct instructional treatments. 17
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As discussed in Chapter IV there is evidence that

familiarization alters individual differences in learning

and that various personality and motivational factors tend to

modify the role of ability in learning. Further, as Snow

points out, measures of individual differences may be rela-

tively unimportant in simple learning and become highly im-

portant and intercorrelated in more complex learning. People

may also differ in the sequence each uses to accomplish a com-

mon set of information processing steps, or may differ in

the routes or alternatives they choose to employ to process

the data.
18

To keep these logical possibilities distinct, the

use of four different sources of differences in information

processing appears to be necessary. These are: 19

* Parameter differences (P-variables) which refer

to differences on particular steps of components such as

capacities of STM, times needed to process information,

amount and quality of information in the LTM, etc.

0 Sequence differences (Q-variables) which refer

to individuals taking the same steps but in different

Requence.

* Route differences (R-variables) which are

indicated by qualitatively different steps taken such as

double checking the data, use of audio derived data in

p,.r t1 ' tc o visatal , ,tc.
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9 Strategic differences (S-variables) represent

individual differences in complex learning and problem

solving. This category would include large differences in

assembly and structure of memory and programs. The S-cate-

gory is necessary to account for themyriad complex differ-

* ences known to be present in learning and which cannot be

accounted for by the simpler variables of P, 0, and R.

In their work, Newell and Simon have developed some

definitive statements about the kinds of individual differ-

ences found in the processing of complex information. Snow

has paraphrased their observations as follows:20

1. Subjects differ in the detailed con-
tents of LTh when beginning a problem. This
places constraints on the problem spaces and
programs available for use.

2. Subjects differ in the way they char-
acterize the initial problem. They learn grad-
ually which aspects of the problem should be
given first priority and which can be ignored.

3. Subjects differ in persistence in pur-
suing a subgoal and, conversely, in their readi-
ness to return to the overall problem in pursuing
a complete solution.

4. Subjects differ in the priority given to
restructuring the problem as information is acquired
as opposed to working in the framework of a defi-
nite plan.

5. Subjects differ in the cues used to de-
tect lack of progress toward a goal.

6. Subjects differ in trying to explore
paths mentally, as opposed to writing out expres-
sions for examination.
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7. Subjects differ in the degree to which
operational rules are associated directly with
problem features, reducing the need for searches
to find appropriate rules.

8. Subjects differ in acquiring knowledge
that certain features are not remediable, indi-
cating termination of search, while other goals
are automatically achieved by fixed sequences.

These kinds of differences suggest the possibility of

adapting instruction to suit specific situations resulting

from the interaction between individual information process-

ing differences, task complexity and type, personality varia-

bles and instructional environment differences. Snow goes

on to observe:2
1

Thus the problem for further research will
be to distinguish P, Q, R, and S sources of
individual differences, and to show how they can
be combined and/or further differentiated. In-
formation processing models of particular tasks
or tests will need to show how these kinds of
differences work in consort to produce observable
differences in performance. Aptitude variables
(A), and instructional treatment variables (T),
and their interactions will need to be analyzed
and understood in these common terms. This
will best be accomplished by a combination of Q, R,
and S variables, and experimental research that
manipulates T in ways that influence these rela-
tionships. This suggests ... the value of an
elaborated S-R-R paradigm.

Some ways in which treatment may be related to strengths and

weaknesses in information processing are suggested in the

literature. Salomon (1972) and Cronbach and Snow (1977)

have discussed alternate models that are defined by the man-

ner in which treatments are used. These models are: 2
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* The preferential model, which capitalizes on

the learners assets.

0 The compensatory model which provides compen-

sation for learner weaknesses.

* The remedial model, which attempts to overcome

some deficiency in the learner. Since proficiency in

a specific task may depend on how well the basic informatioin

process and relevant knowledge have been organized into

an effective program,it is useful to think of the above

differences in terms of these corrective treatment models.

A review of the literature reveals concepts that are

supportive of the S-R-R and information processing models

and which reinforce the conclusion that these combined

theories are likely to be productive in ATI research.

DiVesta2 3 stresses that ATI studies would be more productive

if cognitive processes were considered which correlate

with traits induced !y instructional treatments, and Shapiro

identifies three distinct concepts of mental ability dif-

ferences which could be used in testing aptitudes.
24

* General mental ability.

* Finer distinctions such as those considered in

models much as Guilfords' Structure of the Intellect and

hierarchical models in which general ability underlies

more restricted abilities.

0 Problem solving approaches (mental processing,

perceiving, coding, storing and retrieving information.
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Gagne (1974) presents a classification scheme consisting

of five categories: (1) verbal information, (2) motor

skills, (3) intellectual skills, (4) attitudes, and (5)

cognitive strategies. 25  These concepts are compatible with

Snow's theories and add to the credibility of his constructs

which have been paraphrased above.

Before formulating a more detailed research strategy

for use in the TEA process, it may be useful to outline

how some useable personality variables may be combined to

predict learning performance and to summarize what has

been suggested so far.

Personality Variables

As discussed in the summary review of the literature

in Chapter IV, variables such as anxiety (A X), and need for

achievement (Ach), have been shown to interact with instruct-

ional treatments and appear also to combine with one another

and/or with General Mental Ability in higher order ATI.

While much is to be learned as to useful categorizations

of personality variables, the above factors appear to inter-

act with instructional treatments more strongly and often

than others and should logically be included in ATI research

aptitude constructs. The combination of these variables is

dependent on the trainee population. That is to say while

need for achievement has been shown to combine with trait

anxiety to form a more powerful predictor, both the strength

al



of the combination and its direction are individually

determined. For a complete discussion as to the effects

of these variables, separately or in combination, the read-

er should turn to Chapters 12 and 13 of Cronbach and Snow~'s

"Aptitudes and Instructional Methods.",, Although the final

conclusion must remain that the nature of the interaction

of these variables is complex and yet to be defined fully,

their inclusion in ATI research through the medium of TEAI

will provide a greater measure of the percentage of the

differences in individual aptitude and performance than

would otherwise be attainable.

AbilityConstructs

Certain ability differences have also been identified

with concepts of information processing and should be in-

cluded in the aptitude construct. Some of these abilities

unfortunately, are also those for which measurement instru-

ments are not yet developed fully. As shown on Figure 6,

however, ability constructs relating to perceptual speed,

closure speed, visual memory, and memory span, as well as

the various cognitive style constructs comprising crystal-

ized ability and achievement (verbal, numerical, and mech-

anical skills, etc.), should eventually be included as they

relate to the task characteristics being taught. The reader

should recognize however that this will require additional
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research before operational use can reasonably be expected

in the TEA process.

Task Analysis

Having developed an aptitude construct or constructs,

it becomes extremely important to complete an accurate

analysis of the task to be trained. It is crucial to develop

a listing of component student behaviors expected as the

end result of training. Phase I of the ISD --ocess used by

all military services, provides for the compilation of an

inventory of job tasks to be trained and for a determination

of job performance measures. As a final step the list of

tasks selected for instruction is to be analyzed to deter-

mine the most suitable instructional setting for each task.
27

However, there does not now seem to be any one best

way to gain detailed knowledge about the processes to be

expected in task performance. In fact one of the most

important tasks of the TEA program should be to validate,

refine and standardize task analysis procedures.

A Synthesis

The next logical step is to develop a means of correlat-

ing the relationship between the aptitude constructs that

have been suggested and the various treatments that can be

designed by making full use of procedures that have been

established by trial and error in prior AT! studies. It
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is suggested that this be done within an analytical frame-

work of the information processing model. Snow (1977)

has proposed a theoretical framework for doing this.

Figure 8 shows the categories of variables that have been

identified and indicates by arrows the direction analysis

should take.

FIGURE 8

SCHEMATIC REPRESENTATION OF STANDING CORRELATIONS BETWEEN
APTITUDE (A) AND OUTCOME (0) VARIABLES, A x TREATMENT (T)
INTERACTIONS, AND THE ANALYSIS OF A AND T VARIABLES INTO
INFORMATION PROCESSING VARIABLES, BRACKETS INDICATE COM-
PLEX INTERACTION.

A _ 0

T
\4~S

./0

p

s = strategy
r = route
p = parameter
q = sequences
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Snow explains his theoretical framework in thous

terms:
2 8

Standing predictive relationships between
aptitude variables (A) and learning outcomes (0)
from instruction have been shown to be moderated
by instructional treatment variables (T), with the
recognition that ATI often occurs. It is clear
that AT combinations can be studied in real in-
structional settings, and should continue to be,
but that this research must be supplemented by
analyses conducted in laboratory settings where
thero is more chance of building thoorotica] models
of psychologica1 procosses oporatinq in AT. Tho
coqnitive information processing approach ot mudeti
experimental psychology seems beat equipped to
guide and inform such analyses. But computer
simulations and related work already completed
show that individual differences in these apti-

tude processes probably take a variety of complex
forms. A distinction among four major forms or
sources of apparent individual differences in
processing should help to unravel these aptitude
complexes. It appears that individuals can differ
in parameters(p) reflecting efficiency and capa-
city in particular processing steps or components,
in how a sequence (q) of processing components is
organized, in the inclusion of different components
or processing routes (r), and in the overall
summation (s) of assembly and adaptation of pro-
cessing to particular tasks.

Researchers making use of this framework should conduct

their investigations within the stimulus-response-response

model (S-R-R) wherein "stimulus conditions are manipulated

to test R-R relations by controlling or modifying them. ''29

Snow (1977) cautions that adequate theory will have to be

built on this combined S-R-R/information processing theory.

The literature bears witness that this is true. Requirements

to establish the validity of these constructs make inclusion
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of a representative set of these factors in the analysis

process a necessity to ensure the attainment of the requi-

site scientific rigor.

Summary

The aptitude process analyses discussed in this Chap-

ter are most likely to be predictive if linked to instruc-

tional alternatives on the basis of the predictive power

of aptitude-instructional interaction (ATI) theory. This

process is portrayed in Figure 9,a general methodology con-

struct.

Figure 9 depicts graphically that the ATI researcher

should start with the evelopment of aptitude constructs

to cluster his student population into groups of hypothetic-

ally similar aptitudes. Beginning with general mental

abilities, he should add appropriate elements of personality

variables and physical ability measures (persons without

death perception should not be trained as tank drivers,

etc.). lb these factors should be added measures of prior

achievement such as SQT scores and educational levels

and cognitive style such as measures of field dependence

and concept level to construct a profile of the soldier

to be trained. Turning to the ATI literature, a tentative

hypothesis should be formulated as to how the individual

profile is expected to interact with instructional treatments
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FIGURE 9

GENERAL METHODOLOGY CONSTRUCT
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(high-ability, Ach i, low-Ax students do best with self-

paced instruction, low-ability, low Ach, high-Ax students do

best in a teacher dominated, structured, training environ-

ment, etc). After clustering his population by aptitude,

and previous learning (i.e. trained mechanics should score

high on the MM subtest of the ASVAB and should acquire new

skills at a greater rate than others also scoring high or, the

MM subtest) a task analysis is made of the tasks to be

trained in accordance with the ISD model. Instructional

treatments siculd then be developed in accordance with the

ISD model, Phases IE-IV (Design, Develop, Implement).

It should be noted in passing that Phases II-IV of the ISD

model already require an analysis of basic aptitudes and

abilities and direct that course designs be based on these

aptitudes.

However, it is at the beginning of Phase III, develop-

ment, that the analyst should make maximum use of the know-

ledge to be gained through the ATI research process to

better implement the requirements of ISD. In determining

how the instruction is to be packaged and presented to

the student, full use should be made of the concepts of match-

ing such factors as the media, training setting and instructor

to the students, who have been grouped by aptitudes. It is

entirely possible,by the way, that given how little is

known about ATI interactions a large percentage of the
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student population will not be amenable to groups on the

basis of a homogenous aptitude. It is suggested that

these students, for want of a better solution, be trained

by an entirely conventional program developed without the

aid of ATI research derived insights, and that this treatment

be used by the researchers for control purposes.

Once the treatments have been developed, the ATI eval-

uation plan should be structured around the S-R-R model

and student learning analyzed in terms of the information

processing model. It is at this point that the process

analysis of aptitudes should be brought together with the

comparable analysis of instructional treatments. Combined

assumptions and hypotheses should be scrutinized for valid-

ity by tracing components of the aptitude profiles through

to individual differences in learning resulting from the

alternative treatments. Extensive use should be made at

this time of the statistical techniques outlined in Chap-

ters 3 and 4 by Cronbach and Snow (1977), emphasizing the

language of the multiple regression analysis to document apti-

tude and treatment interactions. Because many of the neces-

sary aptitude measures will have to be developed apace with

the test program,it is likely that feedback to the individual

aptitude construct procedures and to the instructional

development process will result from an analysis and compari-

son of the relative treatments.
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Two notes of caution appear to be warranted here.

First, researchers should take extensive precautions against

the possibility that the "Hawthorne effect" will skew their

data. As noted previously, students do adjust to different

treatments--they are likely also to adjust in novel ways

if they are aware that they are part of an experimental

(special?) group. For this reason all aptitude groups must

not only be given a chance to habituate to the instructional

strategy,* they must also be led to believe that they are

undergoing routine instruction. Second, the control group

may no longer represent a normal population once those

grouped by aptitude categories have been removed. This

suggests that it may be wise to carefully screen control

group members, adding select personnel as necessary, to

ensure a normal representation of the target population.
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CHAPTER VI

AN IMPLEMENTING STRATEGY

To this point the research has highlighted the need

and feasibility of establishing alternative instructional

strategies for training entry level soldiers to improve

job performance. It is evident that to be acceptable an

implementing strategy must be as simple as possible, make

maximum use of existing training and personnel testing pro-

cedures and be achievable within existing resource con-

straints.

An Approach to Testing

A four-phase approach to field testing during TEA

appears appropriate.

0 Phase I. Efforts during this phase should be

devoted to: (1) the identification and analysis of the

tasks to be trained in accordance with the ISD model, in

coordination with the appropriate TRADOC school for fielded

systems and the TRADOC Systems Manager (TSM), DARCOM Project

Manager (PM), and the Operational and Test Evaluation Agency

(OTEA) for developing systems; (2) definition of probable

target audience aptitudes, and identification of aptitude

measures; (3) the development of initial instructional

treatments keyed to the aptitude profiles; and (4) refine-

ment of the combined S-R-R/information processing models
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to ensure the appropriateness of aptitude measures and

data collection instruments.

e Phase II. Phase II should be devoted to the

refinement of instructional strategies; development of in-

struc.tion treatment materials; the grouping of personnel

to be trained by aptitude constructs and an initial deter-

mination of the terminal performance of different aptitude-

treatments on tasks developed in Phase I. It is expected

that instructional strategies will be driven by both the

aptitude profiles and the task analysis, and thus cannot

be predicted in the abstract. However, three broad types of

treatment strategies are available for implementation.

Which strategy or strategies are actually developed depends

on the actual aptitude grouping and the characteristics

of the tasks retained for teaching. A control group strategy

is probably necessary during research or validation phases.

The treatment strategies should be modeled after the

Solomon (1972) and Cronbach and Snow (1977) models out-

lined in Chapter V. Of course, to more precisely focus on

aptitude groupings within the student population, several

variations of specific instructional strategies may be

necessary within each broad strategy. Although these

models were introduced in Chapter V, it appears appropriate

to discuss them in more detail now so as to set the stage

for the discussion to follow.
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* The preferential m,)del contains treatments

that capitalize on student strengths by matching require-

ments of the treatment to the learner's higher aptitudes.

As an example, learners with high AFOT scores would nor-

mally be high in Gc, Gf, and Gv abilities. A learning

strategy for them would logically stress word knowledge,

spatial relations and dealing with concepts in a relatively

self-paced course. Such a strategy would be particularly

appropriate if they were also high on a motivation construct

featuring achievement thru independence, were field-inde-

pendent, and were low on anxiety measures, that is to say

they were constructively motivated and non-defensive.

* The compensatory model should contain treatments

designed to overcome learning deficiencies to circumvent

the disabling effects of specific deficiencies. For

example, learners with low AFQT scores would probably lack

reading, word knowledge and arithmetic skills. A learning

strategy for these soldiers might center around media

treatments featuring extensive use of audio-visual aids

and be teacher centered/dominated, stressing oral presen-

tation of lessons, in small steps with frequent review of

the same type information given to the soldier trained by

the preferential strategy. This would be particularly

applicable when teaching low-ablity soldiers who lack a

positive self-image who are also found to be field-

dependent.
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0 The remedial strategy contains treatments de-

sigred to overcome deficiencies in prerequisite knowledge.

Learners with language, arithmetic or general education

deficiencies will probably respond best to a learning

strategy that addresses the deficiency within a context of

the specific tasks being taught. In this sense this learn-

ing strategy would require not only different media and

materials but may actually require the teaching of dis-

tinctly different tasks which must be mastered as a prere-

quisite to successful learning of the primary tasks.

* Phase III is the actual conduct of the research

as a part of the TEA process. This phase entails the con-

duct of the training, to include necessary pre-tests and

post-tests and the collection of necessary data. Care

must be taken to control the instruction by ensuring les-

son plan fidelity, student attendance and participation,

interrater reliability and maintenance of an instructional

environment conducive to learning. While these conditions

may not prevail at all times in "the real world" they are

necessary for ATI research. To allow uncontrolled variables

to be present in the instructional setting is to make

accurate analysis impossible. In this regard the reader is

asked to recall the HUMRRO experiment in developin9 the

potential of low ability personnel. A structured learning

strategy must be just that. It must be structured wherein
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students complete all learning requirements and it must be

teacher-centered in that learners devote their efforts to

that which the teacher directs.

0 The control strategy should be used to train

those students who, by virtue of the lack of precise apti-

tude constructs, cannot be grouped by learning style. This

strategy should be the one that would have been used had

there been no TEA/ATI program. This strategy serves three

important purposes: (1) it provides training for soldiers

not otherwise in a definable aptitude grouping; (2) it

provides a baseline against which to contrast skill acqui-

sition gains of the other three strategies; and (3) it

helps the researcher hold time constant, a necessary pre-

caution if reliable interaction results are to be obtained.

* Phase IV is simply the data analysis and feed-

back phase. Data analysis requires advanced statistical

techniques which are beyond the scope of this paper.

A detailed presentation as to generalized regression analy-

sis and advanced statistical techniques appropriate for

use in AT! research can be found in Cronbach and Snow,

(1977) Chapters 3 and 4. Their discussion on use of gain

scores as the dependent variable, improving the interpreta-

tion of ANOVA, and appropriate confidence levels for regres-

sion effects would appear to be of special benefit to

analysts seeking to verify the validity of aptitude-treatment
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interactions.1 Here, only a general statistical analysis

process can be suggested. A progression of analyses would

seem to be necessary in most cases. This progression would

likely be: (1) analysis of the data gathered in Phase r

to develop a correlation matrix of all the variables of

aptitude measures and critical task performance requirements;

(2) a multiple regression analysis of all the independent

and dependent variables is the next logical step. Inde-

pendent variables would include the group aptitude measures

and the dependent variables would be the terminal performance

data gathered during training. These data would, of course,

be grouped by aptitude composite and instructional treat-

ment. Multiple regression analysis should be used to deter-

mine how much of the variance in the terminal performance

(dependent variables) was explained by the various aptitude

composites (independent variables) in different combinations.

Variables (aptitude constructs) that do not account for

significant amounts of variance in terminal performance

should be eliminated from further consideration. Verifica-

tion of the results of the multiple regression analyses by

use of a discriminant analysis is necessary to focus on

those aptitude constructs that will reliably discriminate

within treatments between those soldiers obtaining high

scores and those obtaining low scores on the terminal per-

formance measures. Care must be taken to select an appro-

priate statistical method when performing the discriminant
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analysis. The basic question is to what degree do differ-

ences between the treatments and/or aptitude groups con-

tribute to terminal performance? Analysis of variance

methods (ANOVA), while less powerful than regression anal -

sis, are designed to handle this type of analysis and thus

the researcher would normally turn to ANOVA techniques to

answer the question. However, Cronbach and Snow have shown

that associating confidence limits with regression lines

provides the most satisfactory form of statistical rigor in

2ATI research. The lack of success reported in ATI studies

making use of ANOVA techniques is frequent and the knowledge

gained by Cronbach and Snow in reevaluating the same studies

by use of the regression analysis tends to give validity to

this belief. Therefore, it is suggested that regression analy-

sis is the appropriate language to use in describing patterns

of significant and non-significant effects of the treatments and

aptitudes as they relate to the terminal performance measure.

The analysis of trainee performance must be used to

both refine aptitude measures and treatments. Hopefully

this will lead to a definition of aptitude with two or more

aptitudn :ioasures that reliably relate to job or task per-

formance and interact positively with specific instruction-

al strategies. By successive refinement, it should be poss-

ible to establish whether the aptitude groups defined in a

task specific study exist in other parts or all of the Army

trainee population. If so, then ATI research techniques

97



can be generalized within the Army training system throuqh

the use of TEA process.

To summarize briefly, to determine the soldier's

individual learning style the TEA analyst must first develop

measures of an aptitude construct that have validity in rela-

tion to the task being taught. Variables composing the

aptitude construct should be as few as necessary to differen-

tiate within treatments between students as to attainment

of terminal performance objectives. Experience to date

has demonstrated the variables in Figure 9, A ceneral

Methodology Construct to be the most promising, (general

mental abilities; cognitive style personality variables,

and physical abilities). Instructional treatment develop-

ment should be guided by the knowledge gained in prior

studies with regard to how students learn best in terms of

learning processes-independent study, lecture, visual

presentation, etc., in consonance with' the three instruc-

tional strategy models; preferential, compensatory, and

remedial.

Data gathered should be analyzed in terms of the com-

bined S-R-R/information processing model using the language

of the regression analysis. The results of the experiment

should be used in the feedback process to identify clusters

of relationships within the intended student population

to designate alternative training subsystems.
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An Example

It is realized that ATI techniques may be considered

too exotic for use in a military training system. However,

that such may not be the case has been demonstrated by the

successful application of an ATI research project by the

Canyon Research Group, Inc., working under contract to ARI

to improve REDEYE gunner performance at the U.S. Army Air

Defense Center, at Ft. Bliss, Texas. 3 Canyon Research

conducted a program to investigate the effects of various

instructional strategies on REDEYE gunner skills across

individuals varying in measures of academic aptitude. The

original hypotheses for this investigation was that an

analysis of the cognitive processes and/or perceptual pre-

cesses in operation during terminal performance actions

would provide a sound basis upon which to develop inscruct-

ional strategies. While this study used specific perceptual/

psychomotor tasks with relatively low cognitive demand as

the criterion skill to be learned, ai.d was limited in the

design factors used to develop the alternate instructional

strategies, it did demonstrate the usefulness of ATI re-

search techniques in improving soldier training and per-

formance.

This study is important because the researchers made

extensive use of the ATI work of Cronbach and Snow (1977),

DiVesta (1975), Gagne (1977), Sal___ (1972), Shapiro (1975),
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Snow (1977), and others within a framework of early TRASANA

TEA efforts on REDEYE training effectiveness. In other

words, Canyon Research has attempted much ot what this

research paper suggests as being necessary to improve train-

ing. The study concluded that:

0 The use of Aptitude Group profiles in develop-

ing instructional strategies with design characteristics

specific to the defined group...appears to Lt feasible ....

0 . .. results were such that !,trong iriferrences car,

be made regarding Aptitude Group profiles as a basis for

strategy selection/develupment.4

Because Canyon Research Group analysts generally

followed (though limited in resources and scope) sound

ATI research principles, it is useful to quote the manner

.n which they constructed four alternrtti ,.' ir sructional

strategies based on apti tkde groupino3 of >h- stu3ent popu-

lation. These strategies were substf,-.cE-ntly found to interact

nositively with aptitude.; il improvin- su tir LVminal

nerformance.

In the present study, a f i4te rnmberof learning strengths were identified within

learners and seen as r-presenttivw of our
target population. Strategies can 1e -r-ated
to exploit each one of them t,.: some ,,,ree.
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The various facets of any instructional
strategy are often independent characteristics
which the designer must make some judgement about.
Vone facet is that of presentation logic. Should
everything be stated or should the learner be
required to find things for himself or does it

make any difference? Should the individual learnIin a group or by himself? Should most of the
materials be pictorial and in motion or with a
tutor and the real world tools? Should he watch
other people before he tries it? Should he be
told he will be sent to Antarctica if he fails?
These questions illustrate the facets of (a) In-
structional sequence, (b) Peer environment,
(c) Materials mode, (d) Reinforcement type.
This can better be displayed in a complete map-
ping sentence. (See the following page.)

Some elementary arithmetic will indicate
that this could require 945 discrete products
which would be of little practical use.

A finite number of paths need to be
selected in terms of the potential for results
with the cognitive style profiles present
in the population of interest.

Based on the available research in the
area of design and prescription of instruc-
tion for aptitude (Allen, 1975; Cronbach and
Snow,1977) strategies were developed for the
aptitude profiles identified in the screening
study. Table 1 displays the components of
each strategy.

Strategy 1 was designed for individuals with
relatively high mental ability who are field inde-
pendent. These individuals benefit from self -
directed instruction in which they choose their
own method and pace themselves (Taylor, Montague
and Hauke 1970). The learner of higher ability
could be allowed to organize and manipulate sym-
bolic meaning with a rapid rate of development
in the materials (Allen, 1975). Field indepen-
dent learners assume a more active role in 3learn-
ing, perform better under conditions of intrinsic
motivation without performance feedback, and need
little externally provided structure (Witkin,
Moore, Goodenough and Cox, 1977; Cronbach and
Snow, 1977).
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On the basis of the above research, the
first learning strategy was designed as inde-
pendent study. It included printed and visual
information followed by practice (both mental
and physical) when the individual decided he
was ready, he was allowed to attempt the task.
This strategy relied on intrinsic motivation

with limited feedback.

Strategy 2 was developed for those subjects
high in two-dimensional perceptual ability, and
who scored high on ratings of anxiety. Gagne
(1960) hypothesized that high spatial ability
subjects learn from spatial presentations.
Matching of figural treatments and high figural
aptitude also increased retention of material
(Hancock, 1975). High spatial ability subjects
when given information in visual form were found
to require fewer written and verbal instructions
in order to process the information (Frandsen and
Holder, 1969). Based on these findings, Strategy
2 relied on visually dense presentations with
printed information used for attention direction.

The visuals were sequenced and progressed
from single diagrams to more complex visuals.
Actual practice of the task followed the visual
presentations.

In dealing with learners exhibiting anxiety,
Grimes and Allinsmith (1961) reported that a more
structured presentation that does not rely on the
individual's own resources will reduce anxiety
and enhance learning. High anxiety learners have
also been found to benefit from greater amounts
of feedback on performance (Campeau, 1968).
Strategy 2 represented structured learning materials
that rely on frequent positive reinforcement and
feedback concerning level of performance.

Strategy 3 was designed for low mental
ability, field dependent subjects. Low aptitude
learners perform best under conditions in which
the instructional sequence is broken into small
steps, is highly structured, and where extensive
practice is provided. The instructor provided
feedback and prompting (Taylor, Montague, and
Hauke, 1970). The field dependent learner is
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influenced by authority zind peer opinion, favors
interactive teaching methods, and requires exten-
sive structuring of the ]earning situation (Witkin,
Moore, Goodenough and Cox, 1977). Strategy 3 began
with a very structured step-by-step demonstration
of the task followed by practice. Necessary infor-
mation was presented in small doses at a simple
level.

Strategy 4 is the present mode of instruction
used by the Army, and was used with the subjects
that did not fit the criteria for the other 3
aptitude groups. This group represented varying
combinations of the aptitudes measured, and
would be comparable to a general student group.
If no spOcific apttudoa wore isolated, tho pro-
sent mode of instruction was doomod acceptable
as a strategy considering the wide range of in-
dividual differences within the group (Parkhurst,
1975; Cronbach and Snow, 1977). This instruction-
al strategy relied on lecture as the main method
of instruction with print support materials.
Limited practice in the simulator was provided
as the final phase of instruction. This approach
was used with the fourth aptitude group."

The results of this attempt to match aptitude groupings

with instructional strategies are paraphrased on the follow-

ign page. The reader will note that all three experimental

instructional strategies were developed within either the

preferential model, taking advantage of high student mental

abilities, or the compensatory model, which substituted

structure, feedback, demonstration, and structure for high

mental ability. The remedial model was not employed.
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Results

0 Training time for trainees to reach proficiency

under alternative strategies was reduced by a factor of

two measured from the base course, strategy 4.

0 Response time to engage targets was decreased.

* Attitudes towards training under alternate

strategies were favorable.

0 Significant ATI were not demonstrated for either

the written or performance tests. However, a standard,

rather than a random increase, of terminal performance was

evident. (Note: This lack of significant ATI may have been

the result of use of a two-way ANOVA for the discriminant

analysis phase of data reduction. Cronbach and Snow cau-

tion against use of the ANOVA for this reason.)

* Strategy 2 training resulted in sicrnificantly

(p>.05) better performance on written tests than did

strategies 3 or 4.

0 Written test retention results indicate that

strategy 3 enabled soldiers to retain their post test level

of performance. Strategy 3 retention improved from original

testing by a 10 percent mean gain.

0 As with the written test no significant ATI were

present for the performance test result, (use of ANOVA?).

However, the following relationships were sianificant:

-- Soldiers trained by strategy 3 scored sig-

nificantly better on the performance test than those trained

106



by either strategy 2 or 4 regardless of aptitude grouping.

-- Soldiers in aptitude group 2 scored signif-

icantly better on the performance test, regardless of train-

ing strategy grouping than those who were classified as

being in aptitude group 3 or 4.

Discussion

The reader will of course draw his or her own con-

clusions as to these results and utility of ATI to improve

soldier training. Two points concerning this study are

worth raising however. First,the fact that soldiers trained

by strategy 3 scored significantly better on the performance

test than those trained by either strategy 2 or 4, regardless

of aptitude grouping, is very interesting. Strategy 3 was

developed for low aptitude learners. Hence the strategy

was heavy in extensive practice, structure, feedback, etc.

It may well be that psychomotor task mastery requires just

this type of training to develop proficiency, much like

golf or baseball. This importance of task characteristics/

at least for this type of noncognitive task, on ATI is

reinforced by the finding that soldiers in aptitude group 2

scored significantly better on the performance test regard-

less of training strategy. This strategy "was developed

for those subjects high in two-dimensional perceptual ability,

and who scored high on ratings of anxiety... strategy 2
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relied on visually dense presentations with printed infor-

mation used for attention direction."7 And yet students in

a aptitude group 2 who were trained by strategy 3 (as opposed

to strategy 2 developed specifically for them) scored

significantly better on the performance test, regardless

of ability grouping. Why? One can only speculate.

However, since the REDEYE gunners tasks are reta

and psychomotor with relatively little cognitive demand,

imay well be that task characteristics were the most

aspects was sufficient to overpower advantages inherent

in other strategies more nearly matching the cognitive

styles of the other aptitude groups. Secondly, it appears

entirely possible that had the vxperiment been continued,

a composite aptitude grouping combining low ability, field-

dependent subjects with high spatial subjects could have

been trained on an instructional strategy combininag the

principles of strategy 2 and 3, so as to qain additional

aptitude x instructional interaction power. If this

were done, and the results compared to aptitude groupings

1 and 4 and instructional strategies 1 and 4 and the

original 2 and 3 aptitude/instruction mix, additional in-

teractions might have been identified. This is a good

example of the type research envisioned to take place during

phase IV, data analysis, and feedback into the system.
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At any rate, the approach used in this study appears

very promising and, when integrated into the mature TEA

process should serve to improve military training.
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CHAPTER VII

CONCLUSIONS

While it is clear that the present and growing com-

plexity of military equipment, weapon systems, and opera-

tions is such as to severely strain the Army's ability

to provide adequately trained manpower, it is not clear

that the service will be able to implement training programs

based on individual soldier learning styles. Even though

present testing and classification procedures provide much

of the data needed to group trainees by cognitive apti-

tudes; even though the Army training system is oriented

towards individual proficiency based on rigorous task

analysis; and even though the educational and evaluation

agencies are in place and performing needed research, it

is not clear that the Army is in a position to implement

fully and successfully instructional strategies based all

or in part on the principles, theories, or methodologies

outlined in this paper. The reasons for this are twofold:

first, although great strides have been made in ATI research

in the last decade, much remains to be discovered. This

means that extensive, prolonged research will probably be

necessary to establish a body of knowledge, techniques,

and procedures that will enable the instructional developer

at the TRADOC school to effectively tailor resident in-

struction to each new class. This is precisely what
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TRASANA's TEA program is designed to do. I, r q term research

leading to basic, fundamental changes in the manner in

which instructional strntogies art) dovoloped np ,ears to

be the ultimate solution. The point is tl,,t this r)rocess

will take time and should not be nurried. )bviusly then,

the service is a long way from being able to individualize

instruction in units. In fact this may never be. feasible.

It may prove more practicable to devtlop s ildier skills

and cognitive processes within the institution to the level

where unit training can rely more ori less rigiily struc-

tured individual practice of SM/SQT skills, as opposev, to

formal instruction more appropriate for low ability pt:rsor -

nel. Secondly, and maybe more importantly, the Army's

and TRADOC's training mission must be acco1mpljsheut_ every

Cay. The Army's trhIners, in the school rii 'h Lni,

simply do not have either tht- time nor the res c< tc

experiment with unproven conc_-epts. So thfe fist conclusion

is obvious. AT! must remain a research conce until

.Specific, detailed procedures have been deveioped and vali-

dated so as to be useabir within the ISD model.1  This is

not to say that ATI research should not involve natural

:eal world" trainin.-i; it should. As mentioned previously,

operational testing of developing equipment and weapons

as well as basic and selected advanced individual training

courses would appear to offer superb settings for the
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conduct of ATI testing. It is important,however, to avoid

placing the burden on organizations engaged primarily in

other missions; ATI research is altogether too complex,

time consuming and likely to be frustrating, to entrust

to agencies that cannot devote full time to the problem.

Other conclusions can be summarized as being:

* The ATI research program should be developed

and conducted within the framework of the TEA process.

Investigations should be integrated with ongoing instruct-

ional programs so as to ensure avaliability of adequate

sample sizes (at least 100 subjects per test cell) and

applicability of results to real world problems. This

suggests that TRASANA should be the overall manager for

Army ATI development as well as for TEA.

o Testing should be started at skill level 2

task complexity (skill level 2 refers to the SQT task list-

ing for lower ranking soldiers, SL 3-4 delineate tasks for

NCO's) to facilitate integration of the information pro-

cessing model with the learning and abilities hierarchy in

Chapter V, Figure 7. Testing can conceivably be scheduled

for conduct with Advance Individual Training (AIT) classes

for selected MOS in conjunction with TEA on fielded systems

and for conduct during the pretest training prior to con-

duct of operational test I (OTI) for developing systems.

Follow-up research can be accomplished in units and during

OTI respectively, to validate treatment results by measuring

levels of skill decay.
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* ATI research being conducted by TRASANA

should be supplemented by the efforts of the Army Research

Institute For the Behavioral and Social Sciences (ARI) to

develop more refined measures of general mental ability and

personality variables, to include motivation constructs and

attitudes. The ultimate products of this research would

appear to be appropriate for inclusion in the entry level

classification testing schema now represented by the

ASVAB. Such inclusion would ensure availability of data

Army wide and would assist Army trainers by more precise

placement of soldiers into training courses for which they

have appropriate aptitudes.

Summary

Individual differences in learning become important

upon situational demand. Individuals see . to meet these

demands by exploiting their mental, physical, and person-

ality aptitudes and by compensating for a lack of aptitude.

When possible, people substitute a developed aptitude for

those that are underdeveloped or lacking. In the same way,

instructional strategies should seek to exploit identifi-

able individual differences and compensate for the lack

of aptitudes where necessary. The practical problem is

simply to design instructional events in such a manner as

to exploit or compensate for individual differences as

appropriate. Research on aptitude-treatment interactions
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can best be accomplished within a framework of the conduct

of TEA using a multidisciplinary approach which draws on the

combined skills available to ARI and TRASANA. The imple-

mentation of specific aptitude and task measures, and in-

structional treatment variations can and should be accomp-

lished within the context of the present Army training Sys-

tem to ensure maximum coordination and to capitalize on

the instructional and training skills already in being.

There is no neat, concise conclusion for this paper.

It has attempted a synthesis of the present Army training

system, to include in process changes represented by the

TEA program, and suggests further research based on

several views as to the location of the starting point.I

That there are other views and other starting points is

indisputable--the proof however will be in the doing, in

the conduct of TEA wherein a useful, coherent theory of

aptitude-treatment interactions is formulated, tested and

used to improve the training of the soldier.
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APPENDIX I

SUMMARY DISCUSSION OF APTITUDE AREA COMPOSITES

The purpose of this appendix is to provide a summary

discussion of the Armed Services Vocational Aptitude Bat-

tery (ASVAB) of tests and the composite aptitude areas

that are used for classification and assignment purposes.1 within the Army.
The appendix is in two parts. Part I is a general

discussion as to the evolution of the ASVAB and the

ASVAB 5, High School aptitude area composites, to famil-

iarize the reader with the type and extent of aptitude

measuring used by the armed forces today. IThis infor-

mation can be contrasted with the type and scope of apti-

tude measurement deemed necessary to support ATI research

and curriculum development. Part II is a summary discussion

of the aptitudes required for classification into the

various Army Career Management Fields (CMF) and the tests

used to measure these aptitudes. 
2

PART I ASVAB DEVELOPMENT

In 1966, the military services drew upon 25 years of

experience in aptitude testinig to begin development of a

vocational aptitude battery which could be used in high

school counseling programs. The new battery was designed

to measure a student's aptitudes for specific types of
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job training. In 1968, the ASVAB was administered in

high schools for the first time.

By 1974, the ASVAB had demonstrated its value as a

potential replacement for several personnel selection/

classification tests then in use by the military services.

Accordingly, the content of the ASVAB was expanded from

9 to 12 tests; and, on January 1, 1976, its use throughout

the Department of Defense was instituted. Since the

beginning of school year 1976-1977, the ASVAB has been

admin tered to high school students and military appli-

cants alike within the United States and its territories.

A summary of the ASVAB forms and theIr use is shown

in Table 1.

TABLE 1

FORMS OF THE ARMED SERVICES
VOCATIONAL APTITUDE BATTERY (ASVAB)

Form No. Use

ASVAB-l High School Testing Program (SY 1973/74 and
earlier)

ASVAB-2 High School Testing Program (SY's 1974/75 and
1975/76)

ASVAB-3 Air Force and Marine Corps Selection and
Classification Test

ASVAB-4 Back-up to ASVAB-2 (never released)
ASVAB-5 High School Testing Program beginning July 1976
ASVAB-6/7 All Services Selection and Classification Test

Beginning January 1976
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TABLE 2

CONTENT -- FORM 5 OF ASVAB*

Number
Test of Items

General Information (GI) 15
Numerical Operations (NO) 50
Attention to Detail (AD) 30
Word Knowledge (WK) 30
Arithmetic Reasoning (AR) 20
Space Perception (SP) 20
Mathematics Knowledge (MK) 20
Electronics Information (EI) 30
Mechanical Comprehension (MC) 20
General Science (GS) 20
Shop Information (SI) 20
Automotive Information (Al) 20

Totals 295

Summary Discussion of ASVAB Test Measures

GENERAL INFORMATION (GI)--Measures a portion of a student's
developed ability to recognize factual information
characterized by the cumulative influences of his or
her learning experiences.

NUMERICAL OPERATIONS (NO)--Measures an individual's devel-
oped ability to rapidly and accurately compute simple
number computations.

ATTENTION TO DETAIL (AD)--Designed to measure the ability
of an individual to perceive simple relationships,
to retain these relationthips mentally, and to make
decisions based upon the relationships involved
quickly and accurately.

WORD KNOWLEDGE (WK)--Measures verbal comprehension which
entails the ability to understand written and spoken
language.

* Note ASVAB 6 and 7 are parallel forms of ASVAB 5
Adminstered at the Armed Forces entrance and examining
station.
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ARITHMETIC REASONING (AR)--Designed to measure general
reasoning. It is concerned with the ability to
generate solutions to problems. It is different from
Numerical Operations in that the student must con-
struct a solution by some principle in order to solve F
the given problem.

SPACE PERCEPTION (SP)--Measures an individual's spatial
aptitude. This infers an ability of an individual
to visualize and manipulate objects in space.

MATHEMATICS KNOWLEDGE (MK)--Measures functional ability in
the use of learned mathematical relationships. Factors
measured by this area tend to overlap the areas of
numerical operations and arithmetic reasoning. The
similarities are in the functions performed. The
differences lie in the complexities of the functions.

ELECTRONIC INFORMATION (EI)--Measures functional ability
in the use of learned electronic relationships. A
number of factors appear to be measured by this test:
arithmetic reasoning in the form of simple electronic
calculations; verbal comprehension in terms of the
person's reading level with respect to electronic
terminology; and a level of general reasoning is
indicated by having the individual make use of elec-
tronic principles in order to arrive at the correct
answer.

MECHANICAL COMPREHENSION (MC)--Measures the ability of
an individual to learn, comprehend, and reason with
mechanical terms. Even though familiarity with com-
mon tools and mechanical relations is a prerequisite,
further technical knowledge is not necessary other
than that acquired through day-to-day experiences.
This test has pictures of mechanisms whose functions
call for comprehension.

GENERAL SCIENCE (GS)--Measures a level of verbal compre-
hension in the general area of science. This test
was designed to measure a form of reasoning which
involves the ability to see the relationship between
two factors or scientific ideas. Some arithmetic
reasoning may also be involved.

SHOP INFORMATION (SI)--Measures the functional ability of
an individual who has had experience with and is
knowledgeable about the use of a variety of tools
found in a shop. In addition, it appears that a level
of verbal comprehension is also measured as indicated
by the understanding needed of the terminology used.

1-4
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AUTOMOTIVE INFORMATION (AI)--Measures the functional ability
of an individual who has had some experience working
with automobiles. This test also relies upon an indi-
vidual's reading ability and verbal comprehension.
The questions may pertain to diagnosing malfunctions
of a car, the use of a particular part(s) of a car,
or meaning of terminology.

The scores on the ASVAB are used to construct aptitude

composites in five human ability areas as well as to provide

an indication of academic ability. These composites are

not intended to provide the student with job-specific

information, but rather to encourage students to make

further exploration into their own abilities. Scores on

the ASVAB test are combined to form the composite scores

as follows:

DEFINITION OF ASVAB COMPOSITES

VERBAL (yE). Measures knowledge of words, ability to under-
stand written materials, and to deal with verbal con-
cepts. The composite is a combination of the scores
on the Word Knowledge, General Information, and Gen-
eral Science tests.

ANALYTIC/QUANTITATIVE (AQ). Measures reasoning abilities
as well as those relevant to understanding quantita-
tive concepts. The composite is a combination of the
scores on the Arithmetic Reasoning and Mathematics
Knowledge tests.

CLERICAL (CL). Measures speed and accuracy in using let-
ters and numbers. These are abilities relevant to
clerical type activities. The composite is a com-
bination of the scores on the Attention to Detail and
Numerical Operations tests.

MECHANICAL (ME). Measures understanding of mechanical
principles as well as the ability to visualize objects
in three-dimensional space. The composite is a com-
bination of the scores on the Space Perception and
Mechanical Comprehension tests.
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TRADE TECHNICAL (TT). Measures information relevant to
automotive and various shop practices. The composite
is a combination of the scores on the Automotive Infor-
mation and Shop Information tests.

ACADEMIC ABILITY (AA). Measures abilities needed to do
well in school and formal types of training. The
composite is a combination of the scores on the Word
Knowledge and Arithmetic Reasoning tests.

PART II

Aptitude Area CompositeS for the Active Army differ

from those used in the high school, even though they are

based on the same tests. Army aptitude area composites

are as shown in Table 3 below:

TABLE 3

APTITUDE AREA COMPOSITES

CO - Combat MM - Mechanical Maintenance
FA = Field Artillery GM ' General Maintenance
EL = Electronics Repair CL Clerical
OF = Operators and Food ST Skilled Technical
SC = Surveillance and

Communications

The scores on the ASVAB are used to measure aptitudes

as listed below. In addition, soldiers are also adminstered

the Army classification inventory which determined their

specific areas of interest.

The Combat (CO) Aptitude Area test a complex combin-

ation of aptitudes. The good combat soldier needs general

ability, measured by the Arithmetic Reasoning Test. He

needs mechanical ability, measured by the Trade Tnformation
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I, Test, to handle his weapons and equipment. Perceptual

ability is important--he has to orient himself in the

terrain and observe his environment. This capability is

measured by the Pattern Analysis and Attention-to-Detail 1
tests. Finally, an interest in outdoor masculine activities,

coupled with self-confidence, is associated with good

combat performance. The Combat (CC) scale of the Classi-

fication Inventory yields a measure of this interest.

The artilleryman, in comparison, requires more mathe-

matical ability. Therefore, scores from both the Arith-

metic Reasoning Test and the Mathematics Knowledge Test

enter into the Field Artillery (FA) Apttd ra

further measure of general ability is contributed by the

General Information Test. Mechanical ability, measured

by the Electronics Information Test, and an interest in

details, measured by the Attentiveness (CA) scale of the

Classification Inventory, complete the picture for the

artilleryman.

Jobs for which the Electronics (EL) aptitude area

is designated as selector require some general ability

(Arithmetic Reasoning), a heavy concentration of mech-

anical ability (Electronics Information, Shop Mechanics,

and Mechanical Comprehension), and an interest in elec-

tronics, measured by the Electronics (CE) scale of the

Classification Inventory.

Operators and Food (OF), the aptitude area for the

selection of operators of vehicles and missile equipment
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and food handler personnel, resulted as one of the simplest

composites. The General Information and Automotive Infor-

mation tests and the Attentiveness (CA) scale of the Classi-

fication Inventory represent a combination of requirements

applying to this group of MOS.

Components of the Surveillance and Communications

(SC) Aptitude Area include general ability, represented

by tho Arithmetic Reasoning and Word Knowledge tests,

mechanical ability, measured by the Mechanical Comprehen-

sion Test, and perceptual ability, measured by the Pattern

Analysis and Auditory Perception tests. Inclusion of

general ability and perceptual skills in the aptitude area

is consistent with the tasks of information acquisition,

processing, and transmission common to the MOS in the

group.

Two areas involve maintenance primarily--mechanical

and general. The MOS for which the Mechanical Maintenance

(MM) Aptitude Area is a selector require heavy concentra-L

tion of mechanical ability, measured by the Automotive

Information, Electronics Information, and Trade Information

tests, plus mathematics ability (Mathematics Knowledge)

and an interest in mechanics, measured by the Maintenance

(CM) scale of the Classification Inventory. The General

Maintenance (GM) Aptitude Area reflects a heavier require-

ment for general ability, measured by the Arithmetic Rea-

soning and Science Knowledge tests. The mechanical

1-8
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requirements are less than for the mechanical maintenance

MOS, and only the Mechanical Comprehension and Automotive

Information test are included. These differences are con-

sistent with the MOS areas for which these aptitude areas

are used. The mechanical maintenance MOS are almost entirely

concerned with motors and equipment, while the general

maintenance MOS cover operators and more specialized re-

pair work.

In the Clerical (CL) Aptitude Area, the general

ability requirement for jobs is measured by the Arithmetic

Reasoning and Word Knowledge tests. Perceptual speed is

covered by the Attention-to-Detail Test, and pertinent

interest in detail by the Attentiveness (CA) scale of the

Classification Inventory.

The MOS in the skilled technical group are generally

the most technical and academically oriented of all the

enlisted MOS. The Skilled Technical (ST) Aptitude Area

therefore consists entirely of tests in the general

ability domain--Arithmetic Reasoninq, Mathematics Knowl-

edge, and Science Knowledge.

A final composite is the familiar General Technical

(GT) Aptitude Area, composed of the Arithmetic Reasoning

and Word Knowledge (Verbal) tests. In the old system,

the GT score is used both to select men for general tech-

nical MOS and to determine which men are eligible to take
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additional tests such as the Officer Candidate Test. In

the new system, the function of selector for MOS group is

shifted to the ST composite. The function of determining

eligibility for additional testing continues to be filled

by the combination of Arithmetic Reasoning and Word Knowl-

edge tests. The label GT is retained.

Unit weights for the tests entering into the composite

scores were decided upon following evaluation of several

weighting schemes to determine their effect on the total

effectiveness of the aptitude area structure in predict-

ing soldier performance. A full account of the evalu-

ation research is presented in BESRL Technical Research

Note 239.*

Maier, Milton H. and Edmund F. Fuchs."Development
and Evaluation of a New ACB and Aptitude Area System."
Technical Research Note 239. Behavior and Systems Research
Laboratory, Arlington, VA. Februixry 1972.
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APPENDIX II

A COMPILATION OF DEFINITIONS OF

MAJOR HUMAN MENTAL ABILITIES*

The purpose of this Appendix is to provide the reader

with a compilation of definitions to be used in conjunction

with Figure 6,1

General Mental Ability (G)

Binet (in Terman, "The tendency to take and maint;iir, a
1916, p. 45) definite direction; the capacity' tc

make adaptations for the purpose of
attaining a desired end; and the
power of auto-criticism."

Binet and Simon "... judgement, otherwise called good
(1916, pp. 42-43) sense, practical sense, initiative,

the faculty of adapting One's self to
circumstances. To judge well, to
comprehend well, to reason well, these
are the essential activities of intell-
igence."

Spearman (1923) "... everything intellectual can be
reduced to some special case...of
educing either relations or corre-
lates." (p. 300) Eduction of rela-
tions--"The mentally presenting of
any two or more characters... tends to
evoke immediately a knowing of relation
between them." (p. 63)
Eduction of correlates--"The presenting
of any character together with any
relation tends to evoke immediately a
knowing of the correlative character."
(p. 91)

* Source: Snow, R.E., Theory and Method for Research
on Aptitude Processes: A Prospectus, OFC of Naval Research
Arlington, VA. Oct 1976. p.
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Stoddard "... the ability to undertake acti-I
(1943, p. 4) vities that are characterized by

(1) difficulty, (2) complexity,
(3) abstractness, (4) economy, (5)
adaptiveness to a goal, (6) social
value, and (7) the emergence of orig-
inals, and to maintain such activi-
ties under conditions that demand a
concentration of energy and a
resistance to emotional forces."

Freeman " ... adjustment or adaptation of the
(1955, pp. 60-61) individual to his total environment,

or to limited aspects thereof. ... the
capacity to reorganize one's behavior
patterns so as to act more effectively
and more appropriately in novel situ-
ations. "..the ability to learn.
*... the extent to which (a person) is
educable. "... the ability to carry
on abstract thinking ... the effective
use of concepts and symbols in dealing
with... .a problem to be solved."

J. McV. Hunt ". ..conceived as intellectual capa-
(1961, p.36 2 ) cities based on oentral processes

hierarchically arranged within the
intrinsic portions of the cerebrum.
These central processes are approx-
imately analogous to the strategies for
information processing and action
with which electronic computers are
programmed."

Jenson "When the term 'intelligence' is used
(1969, p.9) it should refer to (Spearman',s) g

the factor common tcD all tests oil
complex problem- solving"

(1970. pp.147- 1. .. .mental tests can be ordered along
148) a continuum going from simple to

complex. .. .The intercorrela~llons
among tests are roughly related to
their degree of proximity on the
complexity continuum, and tests which
are intended to identify ,..show

increasing correlations with other
tasks as one moves along the continuum
from simple to complex."
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Crystallized Ability (G0)

Cattel
(1963, p. 2) "Crystallized ability loads itore highly

those cognitive performances in which
skilled judgement habits har-r become
crystallized (whence it's name) as the
result of earlier learning application
of some prior more fundamental ability
in these fields. Thurstone's Verbal
and Numerical primaries, or achieve-
ment in geography or histor;,, would be
examples of such products."

Horn "Awareness of concepts and terms per-
(1976, p. 455) taining to a broad variety of topics,

as measured in general information anci
vocabulary tests and in tests which
measure knowledge in science, mechan-
cis, social studies, English literature
mathematics, and a variety of other
areas. It is also manifested in the
Information, Vocabulary, Comprehension,
Similarities and, to a lesser extent,
Arithmetic subtests of the Wechsler
Scales... In much of the B'-itish'
work it is labeled verbel- t-_acationa]
(v:ed) intelligence."

Fluid-Analytic Abil i ty (G)

Cattell
(1963, p. 3) Fluid general ability, on the other

hand, shows more in tests rcquiring
adaptation to new situations, where
crystallized skills are of no parti-
cular advant. ge"

Horn "Facility in reasoning, paiticularly
(1976, p. 445) in figural and non-word symbolic mater-

ials, as indicated in tests such as
letter series, matrices, mazes, figure
classifications, and word groipiris,
as well as the block designs, picture
arrangements, object assembly, and
picture completion subtests of the
Wechsler Scales... . Some character-
ize it as non-verbal intelligence
(although verbal tests can measure it)
or performance IQ. In the British work
it is known as spatial-perceptual-
practical intellijence (k:m)."
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Visualization Ability (Gv)

Horn "When analyses pertain to concepts
(1976, p. 448) more general than the primary abil-

ities, the various spatial tasks...
(involving ability to perceive and
transform images of spatial patterns,
maintaining orientation in spatial
arrangements) tend to hang together
in what can be referred to as a general
visualization dimension which seems
to be as least somewhat distinct from
Gf, and is clearly distinct from G ....
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